VOLUME LX NUMBER 3 


THE 
BOTANICAL GAZETTE 
SEPTEMBER 1915 


IS THE BOX ELDER A MAPLE? 
A STUDY OF THE COMPARATIVE ANATOMY OF NEGUNDO 


Amon B. PLOWMAN 
(WITH PLATES V—X) 


The difficulties and uncertainties of classification, upon the 
basis of purely superficial characters, is perhaps nowhere better 
exemplified than in the case of the common box elder. 

This tree occurs in large numbers over the greater part of its 
range throughout the northern portion of the United States and 
Canada, and only less frequently in the Southwest and along the 
Pacific Coast. It is also very generally cultivated in Europe. 

With its diffuse, irregular mode of branching, and its light 
green, compound leaves, the box elder is one of our most easily 
identified trees, yet it possesses combinations of characteristics that 
constitute a troublesome puzzle to the systematist. 

The tree habit is manifestly quite different from that of the true 
maples; the leaves are wholly unlike maple leaves; the sap is similar 
to that of maples, but the odor of the young twigs is unlike any- 
thing ever produced by a maple; the fruit is quite like the maple 
fruit; yet, unlike the maple, the box elder is anemophilous and 
strictly dioecious; the wood is maple-like in appearance and 
structure, though much softer, lighter, and less durable. 

These and many other peculiarities of the box elder have engaged 
the attention of botanists since LINNAEUS named this tree Acer 
Negundo in 1753. To the mind of LINNAEUS, even approximate 
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agreement in reproductive structures and processes easily out- 
weighed in importance the most conspicuous differences in general 
morphology. In 1794 MOENCHHAUSEN set up for the box elder 
the new genus Negundo, at the same time recognizing the close 
relationship to Acer in the name Negundo aceroides. Extreme 
opposition to the Linnaean rating of the box elder was developed 
by KarsTEN, who in 1880 gave the name Negundo Negundo. Each 
of these three names is held in favor by a considerable group of 
botanists at the present time, though KARSTEN has a much smaller 
following in this matter than either LINNAEUS or MOENCHHAUSEN. 

To all three of these men, as well as to most of their followers, 
the minute anatomy of plants was of course a sealed book, whose 
importance was wholly ignored because unknown and unsuspected. 
It remained for De Bary, VAN TIEGHEM, and a host of more 
recent investigators, to discover and demonstrate the fundamental 
significance and value of anatomical features in the study of 
phyletic relationships. 

The following study of the comparative anatomy of the box elder 
was undertaken a few years ago, in the hope that some additional 
light might be thrown upon the problem involved in the title of 
this paper. 

General morphology 

As is well known, the box elder is usually a rather low-growing, 
irregularly and diffusely branching tree, hardly more than a shrub 
in many parts of its range, attaining to its maximum size of 50-70 
feet in height, with a trunk diameter of 2-4 feet, only in the lower 
Ohio Valley. In a number of characters the box elders show a 
remarkable range of variety. 

Referring to fig. 1, it appears that the compound leaves are 
3-9-foliolate, with the leaflets variously toothed, lobed, and 
divided. The range in leaf types is apparently not so great in the 
eastern part of North America as it is in the central part. Most of 
the descriptive works published in America follow the early writers 
in stating that the leaves are 3—5-foliolate. As the result of a careful 
statistical study of 1250 box elder trees in southeastern Wisconsin, 
it was found that the leaves were predominantly of the 3-foliolate 
type on a little more than 5 per cent of the trees; 5-foliolate leaves 
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were in the majority on more than 32 per cent; while on about 
62 per cent of the trees most of the leaves were 7-foliolate. Two 
trees out of the entire number showed 9-foliolate leaves in greatest 
numbers. No tree bore one type of leaf exclusively, except a very 
few having only the 3-foliolate sort. No 3-foliolate leaves occurred 
on the 7 and o-foliolate trees, neither did the 9-foliolate leaves 
appear on 3 and 5-foliolate trees. The higher number of leaflets, 
as well as the larger and more deeply lobed leaves, occur on suck- 
ers and second growths. In general, the leaflets are more numer- 
ous, larger, and more deeply divided on staminate trees. The two 
g-foliolate trees mentioned above were both staminate trees. 

More than 7 per cent of the leaves studied bore trifoliololate 
basal leaflets, such as are shown in no. 6 of fig. 1. Intermediate 
forms appear in nos. 3, 4, 5, and 7 of the same figure. It was 
impossible to detect any intimate and constant relationship between 
leaf types and the quality of the soil in which the trees grew. 
Light and shade relations seem to be more effective agents in this 
respect, the higher number of leaflets usually occurring on the more 
brightly lighted trees and parts of trees. The leaves of box elder 
are commonly thicker and of softer texture than are those of true 
maples growing in similar situations. 

An interesting peculiarity of the box elder is its very common 
habit of developing new buds and leaves as long as the growing 
season lasts. In other words, its growth is indeterminate. This 
characteristic seems to be more pronounced in the northern part 
of the range. Here not uncommonly the box elder trees con- 
tinue to develop new leaves at the tips of the twigs until checked 
by the first killing frost. This fact accounts for the diffuse and 
angular habit of the trees in the colder parts of the range, since 
because of this mode of growth the terminal buds are usually killed, 
and the lateral buds carry on the development in the following 
season. Indeterminate growth is much more conspicuous in the 
male trees than in the female, especially in those years when the 
female trees bear a heavy crop of fruit. This in turn explains why 
the female trees are so much more symmetrical in form, and hence 
better suited for artificial planting and cultivation, than are the 
male trees. 
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In a series of forcing experiments, twigs of box elder and of 
several species of maples were placed in the hothouse at intervals 
throughout the winter. All were subjected to uniformly favorable 
conditions for development. The box elder buds opened in about 
one-half the time required by the maples. The same quick response 
is noticeable in the box elder in the first warm days of early spring. 
By thus utilizing the maximum length of the growing season, the 
box elder is able to make its remarkably rapid growth. This 
again is particularly true of the male trees. 

Brilliant autumnal colors are not developed by box elder leaves. 
Toward the close of long or dry growing seasons, all but the very 
young leaves turn a dull greenish yellow, but do not fall in any con- 
siderable numbers until after frost, when the trees may be entirely 
stripped in a single day. In many of the characteristics here 
noted, the leaves of the box elder differ strikingly from those of 
the true maples. 

The young twigs of box elder also show marked differences. 
Two types are commoniy described. In one of these types the 
twigs are of a pale grayish green color, usually quite slender, and 
with rather short internodes. In the other type the twigs are of a 
maroon color, often covered with a white bloom, stout, and with 
longer internodes. These two forms are said to occur in almost 
equal numbers in the eastern part of the range, while the green type 
predominates in the southern part, and the maroon type in the 
northern part. In the course of these studies, it has been found that 
green twigs are usually developed by female trees, and maroon twigs 
on male trees. However, the color of the twigs, in addition to being 
in a measure a secondary sex character, is subject largely to weather 
conditions, exposure, etc. Thus we find vigorous young shoots 
of both sexes pale grayish green in color when growing in protected 
or poorly lighted situations, while both take on more or less of the 
maroon tint when exposed to full light and severe weather con- 
ditions. Also it is to be noted that the maroon color in all these 
twigs gives place more or less completely to green in the warm days 
of spring. In all probability we have here to do with a phenomenon 
similar to the development of rhodophyll and anthocyanin in 
autumn leaves, in rosette plants in winter, in alpine types, etc. 
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In the series of hothouse experiments already mentioned, it 
was observed that all lateral buds in the box elder are of nearly 
equal vitality, and that most of them spring into active development 
at the first favorable opportunity. It was also observed that the 
box elder twigs were able to develop a much greater amount of 
new growth from their stored food material than were true maple 
twigs or even poplar and willow twigs of the same size. In the 
matter of rhizogenetic capacity, the twigs of box elder compare 
well with those of black poplar, and while the development is not so 
rapid as in the case of willow twigs, the number of roots developed 
is considerably greater, one or more appearing at every lenticel. 
Thus the propagation of the box elder by cuttings is comparatively 
easy, while in the case of true maples it is well-nigh impossible. 

On the older trunk surfaces the bark of the box elder shows a 
very characteristic “expanded metal” appearance, with the rather 
blunt ridges arranged in a fairly regular oblique diamond pattern, 
as shown in fig. 2. This is wholly unlike most of the true maples, 
in which the bark is seldom ridged, but in which it usually scales 
off in larger or smaller thin plates, as shown in fig. 3. The most 
notable exception to this rule among maples is Acer platanoides, 
which, by the way, seems to be one of the few contact points between 
the true maples and the box elder. In fact, the trunk surface of 
the box elder is strikingly similar to that of the white ash, even 
to the gray or grayish brown color. 


- Anatomy of the root 

The root system of the box elder is very wide-spreading in 
comparison with the size of the tree. Slender fibrous roots are 
developed in immense numbers, forming a close-meshed network 
to an unusual depth in the soil. Where a larger root is uncovered 
and exposed to the air and light, buds appear and rapidly develop 
into vigorous shoots, much as in the case of the adventitious buds 
that form so abundantly on roots of the common locust, when they 
are exposed or injured. This bud-forming activity of box elder 
roots is especially marked when the main trunk has been injured 
in any way. Thus great clumps of second-growth shoots are likely 
to spring up around the stumps of recently cut trees. 
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Fig. 7 shows the more prominent features of the anatomy of a 
young box elder root. The pith is almost all eliminated by growth 
pressure. Medullary rays are numerous, straight, 1—2-seriate, and 
expanded considerably in the inner bark. Tracheae are large 
and very numerous, often in clusters of 5 disposed in radial rows. 
Tracheids are large, and of thin-walled and thick-walled sorts dis- 
posed in irregular groups in such a way as to give a marbled appear- 
ance to the section. The cambial zone in growing roots is 8 or 
ro cells thick. The bark is comparatively thin, and contains but 
very few sclerotic, crystallogenous, or tanniniferous cells. The 
many large sap-storage cells and canals are a conspicuous feature 
of the bark. The dead bark scales off in small thin plates, leaving 
the root quite smooth, in striking contrast to the appearance of the 
older stems. 

A comparison of figs. 6 and 7 makes it evident that the maple 
root is heavily charged with tannin in the older part, the wood 
is more compact, the bark is thicker, more dense with numerous 
groups of stone cells, few sap reservoirs, and it scales off in larger 
plates. The cambial zone is not so extensive, and everything 
about the structure points to a less vigorous functional activity in 
the root of the maple than in the root of the box elder. The 
appearance of the medullary rays in the outer wood and bark of an 
older root of Acer rubrum is shown in figs. 11 and 12. Fig. 12 
also shows fairly well the irregular massing of the sclerotic cells of 
the bark. Assuming the root to be a very conservative structure, 
it is interesting to compare this figure with figs. 13-16 inclusive, 
which show corresponding regions in some stems. 

Reference may here again be made to the remarkable rhizo- 
genetic powers of box elder stems when covered with water or 
buried in moist soil. Young shoots may be propagated by cuttings 
or by “layering,” as in the case of many berry canes. 


Anatomy of the stem 


The young shoots of box elder are commonly of very robust 
growth, especially in the male plants, and on all second growths. 
Not infrequently the season’s growth may reach a length of 5 or 6 
feet, with a basal diameter of five-eighths of an inch or more. The 
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twigs are not quite cylindrical, but more or less elliptical in section, 
the longer axis lying in the plane of the two leaves borne at the top 
of the internode. The surface of the young twigs is quite smooth 
and shining, except in those forms which develop a whitish bloom. 
Lenticels are not very numerous, but they are of rather large size, 
long and narrow in the early part of the season, and later becoming 
broad. 

Fig. 19 shows a section of a moderately vigorous young shoot 
of a male box elder. For comparison a section of a young stem of 
Acer saccharinum is shown in fig. 17. The characteristic 6-sided 
appearance of the pith in the box elder section is due to the sym- 
metrical arrangement of the 6 large leaf traces, 3 for each leaf. 
These leaf traces are of course most prominent near the top of the 
internode, but they are conspicuous even to the lower end. The 
section was taken from near the middle of an internode 5 inches 
long. While the leaf traces are prominent in all types of box elder, 
it is worthy of note that they are relatively much larger in those 
plants which bear leaves with the higher numbers of division. 

The medulla is usually about one-half the diameter of the stem. 
The pith cells are large, thick-walled, circular, oval, or hexagonal 
in outline, and usually quite empty, except in the outer amyliferous 
zone. Fig. 40 shows a portion of this zone, very greatly magnified. 
While the zone is very irregular in width, it is everywhere at least 3 
or 4 cells wide. In the true maples this starch zone is much 
narrower, even sometimes entirely absent. An average condition 
of the starch zone of Acer saccharinum is shown in the drawing 
fig. 41. It will be observed, also, that the medullary ray of box 
elder is expanded at its inner end, thus affording a better connection 
with the starch zone than in the case of the maple. The box elder’s 
quick response to the first warmth of spring is doubtless made 
possible, in part at least, by its large starch-storing capacity and its 
highly efficient medullary rays. These rays are very numerous, 
mostly uniseriate, and seldom much farther apart than the width 
of a large trachea. The cambial zone, in the growing season, is 
made up of a considerable number of layers of actively dividing 
cells, thin-walled, and filled with protoplasm. The bark is com- 
paratively thin on young twigs, and is composed of small, thin- 
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walled cells for the greater part of its thickness, with a few layers 
of collenchyma toward the outside, covered by a small-celled 
epidermis over which is spread a smooth, uniformly thick cuticle. 
Sclerenchyma tissue occurs as a narrow and frequently inter- 
rupted band of bast fibers, with numerous small and irregularly 
scattered masses of stone cells. The bark contains some starch, 
and usually a few large empty cells, corresponding to the sap- 
storage cells of the root. No true phellem is formed in the first 
season. 

Comparing figs. 19 and 17, it will be seen that the leaf traces 
of the maple are inconspicuous, the medullary starch zone is not 
prominent, medullary rays are less numerous, and the bark is 
thicker and more dense. In twigs of Acer rubrum the starch zone 
is thinner; there is less sclerenchyma; no phellem, but many thick- 
walled tanniniferous cells; cuticle thick and lenticular over a 
larger-celled epidermis. In A. saccharum and A. platanoides, the 
starch zone is thin; few medullary rays; but little sclerenchyma; 
phellogen and phellem very prominent, with numerous large 
lenticels; epidermis early tanniniferous; cuticle thin and smooth. 

The medullary rays of box elder are continued far out into the 
cortex, both in young and in older stems. A study of figs. 13-16, 
which show sections of older stems, will make clear the relative 
development of box elder in this respect. Further comparison with 
figs. 11 and 12 indicates that this prominent development of the 
medullary rays in the cortex of box elder is a primitive ancestral 
characteristic, as well as another important factor making for rapid 
growth. 

An additional point of interest in this connection is found in the 
form and number of the pits in the walls of both the ray cells and the 
cells of the amyliferous zone. While these pits are comparatively 
small in the box elder, they are far more numerous here than in any 
of the true maples. Moreover, they are ideally arranged to facili- 


tate the movement of sap to the regions of most active growth. 
For comparison of sizes of the various cells, and the thickness of the 
walls, the reader is referred to table I. In general, it may be 
said that the tissues of the young stem of box elder are much less 
compact than in the case of the true maples. 
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Considering now more specifically the minute anatomy of the 
older trunk of box elder, we find that the rough “expanded metal” 
appearance of the trunk surface shown in fig. 2 is almost exactly re- 
produced in the photomicrograph of a tangential section of the 
bark (fig. 24). The numerous concentric layers of bast fibers 
are imbedded in a spongy mass of soft, thin-walled paren- 
chymatous phloem, which is split up into thin radial plates by the 
medullary rays. Near the cambial zone these layers of hard bast 
are almost continuous, except where perforated by the thin medul- 
lary rays. As the sheet of hard bast is forced outward by growth, 
the fibers cling tenaciously to each other, and the whole sheet is 
expanded into an oblique diamond-mesh pattern, as a result of the 
great tangential tension. At the same time, centripetal pressure 
is brought to bear upon all of the tissues inside the network of 
bast fibers. As a result of these conditions, there is more or less 
radial compression and tangential expansion of all the softer ele- 
ments of the bark. For the same reasons, there is likely to be a 
considerable tangential shifting of each layer of hard bast with 
reference to that next inside. When this shifting is all in the same 
direction in all the layers, the medullary rays are often bent aside 
30 or 40° from the radial line. This is of course a common feature 
in those plants in which the medullary rays extend far out through 
a thick bark. The hard bast fibers are quite slender, except occa- 
sional isolated specimens, but they are usually several millimeters 
long, and very firmly united with each other. The walls are very 
thick, often almost eliminating the cell cavity. Angular, irregu- 
larly shaped sclerotic cells are found in fairly large numbers, most 
frequently in the angles of the bast fiber network. In the young 
bark the medullary ray cells are oval in form, and occur in loose 
moniliform rows. The nuclei are here of large size and the proto- 
plasm is especially abundant. The medullary ray cells in the outer 
part of the live bark are shorter and thicker. As seen in tangential 
section, these cells are commonly drawn out transversely into an 
oval shape. In the still older bark the ray cells are empty, crushed 
and distorted by the pressure of growth. The bast parenchyma 
begins its development in the form of thin-walled, radially com- 
pressed cells about the diameter of autumn wood cells. From 
these are derived two types of parenchymatous cells: the larger 
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are 15 wX35-40 in size, becoming crystallogenous in the older 
part; the smaller 8-10 uX 30-45 wu in size, and are more numerous, 
in the ratio of about 3 to 1 of the larger. The walls of the larger 
are not lignified at any stage, while the walls of the smaller cells 
are slightly lignified at maturity. Sieve tubes are numerous in 
the younger bark, with large sieve plates especially conspicuous in 
tangential sections. The outer, dead bark consists of a mass of 
crushed, irregular, thin-walled cells, alternating with several zones 
of thick-walled phellem. Each zone of phellem is made up of 
3-8 layers of brick-shaped cells, 7-12 w thick radially, and 20-35 u 
square on the tangential surface. These cells are very thick-walled 
(2-4 u), lignified, and only the outer ones in each zone are con- 
spicuously suberized. Progressive parenchymatous degeneration 
of the hard bast and stone cells occurs in the outer portion of the 
live bark, so that very few of these elements are to be found in the 
dead bark of the box elder. 

In the radial section of box elder bark (fig. 25) the bast fibers 
appear apparently in discontinuous masses, scattered throughout 
the live portion of the bark. As a matter of fact these strands are 
connected longitudinally for great distances, but, owing to the fact 
that they are tangentially oblique, the section shows only short 
portions of each strand. This type of structure evidently gives 
great strength to the bark, while at the same time it secures a 
maximum degree of elasticity even where the bark is quite thick, 
thus readily permitting the rapid expansion so characteristic of the 
growing box elder stem. 

In the case of A. saccharinum, the bark is thinner than in 
box elder, and quite smooth even in older trunks, scaling off from 
larger trunks in thin, even plates (fig. 3). Under the microscope, 
the cross-section of a 10-year twig shows the bark to be made up of 
parenchyma in alternating narrow zones of radially compressed 
cells and round cells, with 2 or 3 nearly continuous zones of hard 
bast lying close together near the middle of the bark, and also many 
small scattered islands of sclerotic cells, both inside and outside 
of the bast fiber zones. 


The medullary rays are commonly bent aside from the radial 
line 20-30”, to the first hard bast zone, where they are again nearly 
radial, but beyond which they quickly disappear. 
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In radial and tangential views the most striking feature is the 
incoherence of the hard bast zones. Only rarely do the elements 
hold together in a diamond-mesh network, such as is so character- 
istic of the box elder. This is apparently due to the fact that most 
of the hard bast cells are comparatively short, blunt at the ends, 
and not interlocked to any great extent. In the outer part of the 
bark some of the fibers lie in the tangential plane almost at right 
angles to the axis of the stem, as the result of the great tangential 
tension in this region. There is extensive parenchymatous atrophy 
of the sclerotic elements in the outer bark. Only one phellem zone 
is commonly present. This is made up of 6-10 layers of small 
cells, quite thin-walled and strongly suberized. Crystallogenous 
cells are found in small numbers, principally in the middle and outer 
portions of the bark. Occasionally an older medullary ray cell is 
found containing tannin. 

In A. rubrum (fig. 16) the bark is much thinner than in box 
elder, smooth on young stems, and separating into thin regular 
plates on older trunks. Hard bast occurs in larger proportion 
than in A. saccharinum, and is distributed quite irregularly through- 
out the outer three-fourths of the thickness of the bark. The 
zonation is imperfect, and there is scarcely any tendency to form a 
diamond-mesh network (fig. 23). 

Only the larger medullary rays extend out into the bark. 
These are only slightly oblique as far as the first hard bast, beyond 
which they extend radially one-half to two-thirds of the way to the 
outer surface, becoming increasingly diffuse. Crystallogenous 
cells are quite numerous, while tanniniferous cells occur less fre- 
quently. The parenchyma cells are nearly all much flattened. 
The hard bast zones and masses are incoherent and the cells are 
drawn out to oblique and transverse positions in the outer bark. 
There is a single zone of phellem, 5—12 cells thick, the walls strongly 
lignified and suberized. 

The bark of A. saccharinum (fig. 15) is thin, and shows a definite 
zonation of hard bast in the inner two-thirds of its thickness. The 
zones are 2 or 3 cells thick, interrupted by the broad medullary rays 
which usually disappear about half-way out through the bark, 
beyond which point the sclerotic tissue is very irregularly scattered 
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and progressively atrophied. Most of the parenchyma cells are 
irregularly flattened. Both tanniniferous and_ crystallogenous 
cells are collenchymatous. The single phellem zone is 5—10 layers 
of cells thick, suberized, but only slightly lignified. Sieve plates 
are prominent in tangential view of the youngest phloem. 

A. platanoides (fig. 14) shows a much smaller proportion of 
hard bast than do most of the other maples. There are only 2-4 
narrow zones, and these are widely interrupted by the broad, 
irregular medullary rays, which extend about two-thirds of the 
way to the outer surface of the bark. The rays are not much 
deflected from a radial course, and the deflection is not at all uni- 
form. The parenchyma is less flattened than in other forms. The 
bast fiber network is least coherent in this species. Crystallo- 
genous and tanniniferous cells are very numerous. Parenchyma- 
tous atrophy is pronounced in the outer part. There is a single 
zone of phellem, very irregular in thickness. The cells are highly 
suberized. The collenchyma zone just inside of the phellem is con- 
spicuous and of uniform width around the stem. 

These brief studies of box elder and of four species of maples, 
together with the measurements of elements tabulated on p. 177, 
show that the bark of the maples is more dense and better able 
to resist unfavorable conditions and the attack of enemies, 
but less rapid in growth, less elastic, and hence less perfectly 
adapted to the needs of a quick-growing tree than is the bark of 
the box elder. 

In figs. 26, 27, and 28 are shown sections in three planes of the 
wood of A. saccharinum, while the three succeeding figures show 
corresponding sections of box elder wood. The maple wood is evi- 
dently more compact, with somewhat smaller elements arranged 
with greater regularity than in the case of box elder, thus readily 
accounting for the fact that the maple wood splits more easily than 
the box elder wood. The groups of tracheae are larger in the box 
elder, showing as many as four or five elements in a radially dis- 
posed row, while the maple rarely shows more than three in a group. 
The medullary rays are not so straight in the box elder, hence the 
radial section does not show such large plates of “silver grain” as 
in the maple. 
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Fig. 39 shows a bit of the cross-section of box elder wood highly 
magnified. The tracheae are elliptical or oval in section, with 
the longer axis radially disposed. They range in size from 30 p to 
65m, with an average size of 40uX55u. The individual cells 
of which the tracheae are composed are 150-200 yu long, with their 
end walls obliquely disposed at an angle of about 45°, the dip in 
almost every case being radial, so that the end wall seems to be 
quite transverse as seen in tangential section (fig. 31). The perfora- 
tion through the end wall is about one-half the size of the end plate, 
and elliptical in shape. The tracheal walls are marked off in a 
regular hexagonal pattern, each area of which is about 5 uw across, 
with a simple pit 0.3 wX1.5 w transversely disposed at the center. 
Where tracheae lie in contact with medullary rays, the pits are 
circular and 1.5-2.5 w in diameter. Some smaller tracheae show 
occasional traces of scalariform and even spiral thickening of the 
walls. In the acute angle with the oblique end wall, there is some- 
times a considerable area of the tracheal wall in which the thickness 
is uniform and unbroken by pits. In these regions quantities of 
tannin may be stored. 

The tracheids of box elder are of three fairly distinct sorts. 
(1) The thin-walled summer tracheids are 12-15 w in diameter, 
with walls only 0.5-0.8 yw thick. These occur in largest propor- 
tion near the beginning of the season’s growth, but they are also 
to be found in small numbers even bordering upon the zone of the 
thick-walled autumn cells. (2) The thick-walled summer tracheids 
are 8-10 pin diameter, and their walls are 1.5-2.5 w thick. These 
occur in small groups at the beginning of the annual ring, the groups 
becoming larger and more numerous as the season’s growth pro- 
gresses. The two kinds of summer tracheids are commonly grouped 
in such a way as to give a distinctly marbled appearance to the 
cross-section. All of these cells are angular and very irregular in 
shape. The majority of them are 400-600 yu in length, and they are 
firmly interlocked at the ends. (3) The autumn tracheids consti- 
tute a dense zone 3-6 cells thick at the close of the season’s growth. 
These cells are much flattened, measuring to—15 uw tangentially and 
5-7 m radially. The walls are 2 u or more in thickness and more 
strongly lignified than other parts of the wood. This zone of 
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autumn tracheids is frequently divided into two parts by the inter- 
polation of a few thick-walled summer tracheids. All tracheids 
show a few small circular pits in their walls at points of contact 
with medullary rays, while elsewhere their pits are very rare. 
Faint oblique striae are occasionally found in the walls of the 
thicker-walled sorts. 

Wood parenchyma cells in the mature parts of box elder are 
very few, small, short, and thin-walled. They are usually found 
bordering upon the larger tracheae. Very rarely they become 
crystallogenous. The medullary rays are 1~-3-seriate, about 
100-120 w apart, and slightly wavy as seen in cross-section of the 
wood. In radial and tangential sections the medullary rays show 
a breadth of about 200-500 uw, and a thickness of about 20. The 
ray cells are of two fairly distinct kinds (figs. 34, 36). (1) The 
ray body cells are nearly cylindrical, 7-10 in diameter, with 
walls 2-2.5 ¢ thick. Their length is from 25 w to 40 uw, except in 
the region of the autumn growth, where the length hardly exceeds 
the diameter, and where the walls are slightly thicker. The end 
walls are usually only slightly oblique, with very many minute 
simple pits. The pits communicating with the tracheae are large 
and numerous, while those connecting with tracheids are small and 
few. (2) The ray marginal cells form usually a single, sometimes 
a double, row on each edge of the ray. These are a little larger 
than the ray body cells, with somewhat thinner walls. They are 
triangular in section, and when seen in radial sections they show 
marked irregularity in form along the free border (fig. 36). The 
pits are larger and more numerous than in the body cells. Much 
protoplasm and large nuclei are usually to be seen in the ray body 
cells, while the marginal cells are usually almost empty. 

Where injuries have been inflicted, the wood of box elder shows 
traumatic tissue made up of thin-walled, unlignified cells contain- 
ing a very little tannin. 

As would be expected from the comparison of figs. 27 and 30, 
the density of box elder wood is considerably less than that of the 
maples. The average for box elder wood is 27 pounds per cubic 


foot, while the maples range from 32 to 43 pounds per cubic foot. 
In color the wood of box elder is a pale cream or white. Its rather 
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coarse and uneven texture makes it unfit for the more exacting 
uses to which maple wood is commonly put. 

The wood of A. saccharinum is shown in figs. 26, 27, 28, and 38. 
Here the tracheae are nearly circular in section, except where two 
or three are crowded together. The diameter is 20-40 uw, and the 
walls are o.7-0.8 4 thick. In the older wood the tracheae often 
contain tannin plugs 250-300 uw in length. The oblique end walls 
have in most cases a tangential dip of 40-60°. The pit areas are 
hexagonal and 5-6 w in diameter. The transverse pits are about 
1m@X2yu. The thickenings in the walls of the smaller tracheae 
are sometimes scalariform, but vot spiral. The tracheids are of 
two sorts, both rectangular in section in a large proportion of cases. 
(1) The summer tracheids are about 8-12 across, with walls 
1-1.5m thick, more highly lignified in the neighborhood of the 
tracheae. (2) The autumn tracheids appear as 1-3 rows of much 
flattened cells, 4-5 uX10 yu, with walls 1.5-2y thick. There is 
often a very gradual transition from summer to autumn types of 
cells. The tracheids are 250-300 uw long. Some wood parenchyma 
cells occur near the tracheae, but they do not contain either resin 
or crystals. 

The medullary rays are 1-3-seriate, 125-150 w apart, 200-500 u 
broad, and 20-304 thick. The body cells are cylindrical, 6-10 u 
in diameter and 30-60 p long, with wallso.7 wthick. The marginal 
cells are a little larger, triangular in section, and quite straight on the 
outer margin, as in the case of other true maples (figs. 35, 37). The 
pits are circular, large, and very numerous at points of contact 
with the tracheae. All ray cells contain much protoplasm and 
some starch. The end walls as seen in radial section are but 
slightly oblique, while in the transverse section they stand at an 
angle of 20-30°. Large parenchymatous masses appear at intervals, 
connected with the medullary rays. 

In A. platanoides the tracheae are nearly round in transverse 
section, occurring in irregular groups. The end walls have a 
tangential dip of 30-40°. The smaller vessels show well marked 
spiral thickenings in their walls. The tracheids are of only one 
general sort, with a very gradual increase in thickness of walls and 
in lignification through the year’s growth. All are very irregular 
in shape. Some are considerably distended and show numerous 
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pits. Tannin is found in these larger cells. There are but few 
wood parenchyma cells, and these do not contain crystals. Tra- 
cheae in the older parts of the wood contain much tannin and 
some tyloses. The medullary rays do not differ essentially from 
those of A. saccharinum, except that the cells are much shorter at 
the close of the season’s growth, and elsewhere an occasional cell 
is shorter, thick-walled, and filled with tannin. 

In A. saccharum the end walls of tracheal cells are about 45° 
oblique, but with no definite direction of dip. The smaller tracheae 
show scalariform and imperfect spiral markings. Tracheids are of 
three kinds, quite similar to those of box elder. Crystallogenous 
wood parenchyma cells are numerous, especially along the sides of 
the medullary rays. The ray marginal cells are very irregular in 
shape, and show a marked tendency to overlap each other. 

In A. rubrum the end walls of the tracheal cells have a dip of 
30-60, chiefly in the tangential direction. The smaller vessels 
show scalariform but not spiral markings. There are occasional 
tannin plugs and diaphragms in the tracheae of the older wood. 
Tracheids are of two types. The autumn tracheids are flattened 
to a greater extent than in other species, measuring 10-14 u by 
only 3-4 win cross-section. The wall is 1.5 « thick except near the 
edges of the flat cells, where it is 2 wor more. Many older tracheids 
contain crystals and tannin, and small simple pits are common in 
the walls. The medullary ray cells are often hexagonal in tan- 
gential view, and the walls are unusually thick. The rays are 
frequently much broader than in other species. The marginal cells 
are larger and quite irregular. They are much shorter at close of 
the season’s growth, and often erect on the edge of the ray. The 
most striking feature of this species is found in the much greater 
number and larger size of pits in all kinds of elements than in other 
species of maple. 

Further details in regard to size of elements in the wood of the 
various species studied may be found in the table of measurements 
on p. 177. 

Anatomy of the leaf 


It has already been stated that the leaf of box elder is thicker 
and of softer texture than are the leaves of the true maples. The 
principal features of the minute structure are indicated in fig. 32. 


j 
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Palisade tissue is developed to an unusual degree, there being 
at least two well defined rows of these cells, and often as many 
as four, in which case there is scarcely any spongiophyll and the 
air spaces are small and few. Where the spongy layer is prominent, 
there are groups of collecting cells at the lower ends of the deepest 
palisade cells. Protoplasm is abundant in all palisade and sponge 
cells, where chlorophyll is also present in large amounts. Crystal- 
logenous cells are found in small numbers. The upper epidermis is 
made up of medium-sized, lenticular, empty cells, which are regular 
and even in arrangement, and covered with a moderately thick 
cuticle. The lower epidermis is composed of cells much less uni- 
form in size and shape, and in consequence the lower surface of the 
leaf is not so smooth as the upper. A few small hairs may be 
found widely scattered over the lower surface of the older leaves; 
hairs are quite numerous on younger leaves. The stomata are 
small, but very numerous, with the guard cells set flush with the 
lower surface. The midrib of the leaflet of box elder is very similar 
to that of A. rubrum (fig. 18), except that the crest of spongy 
tissue on top is even more prominent. 

In all of the maple leaves examined, there was found but one 
rank of palisade cells, and these formed not more, and usually much 
less, than half the thickness of the lamina (fig. 18). No well 
defined zone of collecting cells was observed. The spongiophyll 
contains many good sized air spaces, except in A. platanoides. 
The epidermal cells of both surfaces are quite varied in size, and 
the cuticle is thin. Stomata are comparatively few and some- 
what depressed from the surface. The midrib crest is present in 
all forms, but not so large as in box elder. Hairs are short and few 
on all types but A. platanoides, where they are quite numerous and 
long. A section of A. saccharinum leaf is shown in fig. 33. 

The petiole of box elder presents some interesting structural 
features (fig. 9). If we follow the three large leaf traces a little 
way up the petiole from their emergence from the stem, they are 
found to break up into a considerable number of fibrovascular 
strands arranged in an interrupted ring around a large medulla. A 
little farther out, not more than one-fourth of the way to the first 
pair of leaflets, there will usually appear from 1 to 4 or 5 medullary 
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fibrovascular strands, which become larger out to the first pair 
of leaflets. Beyond that point these strands are smaller, and they 
may be fewer. These medullary strands are larger and more 
numerous in petioles of leaves having the larger numbers of leaflets. 
In these cases the strands are often typically amphivasal, but 
with the greater part of the xylem directed upward. Large cells 
and ducts appear in the cortex, similar to those found in the cortex 
of the root. Neither A. saccharum nor A. platanoides (fig. 10) 
develops medullary strands in the petioles. In A. rubrum (fig. 8) 
there is a single small centrivasal strand, conspicuous for its dense 
and tanniniferous phloem. In A. saccharinum there are a few 
very small medullary strands clustered near a sclerotic rib that 
projects into the upper side of the medulla. In neither of these 
cases, however, is there any indication of a true amphivasal con- 
dition. The petiole of box elder is larger and less compact than 
that of the true maples. Sclerotic tissue is almost entirely wanting, 
and the same is true of crystallogenous and tanniniferous cells. 
All of the maples possess these three sorts of cells in greater or less 
amount. The petiole of A. rubrum is particularly dense (fig. 8). 


Anatomy of reproductive axis and fruit 

The reproductive axis of box elder is characteristically com- 
pressed, so that the cross-section is a broad ellipse, with axes 
about in the ratio of 3:4 (fig. 5). The surface is ribbed and the 
cuticle is very thick. The pith is composed of cells of very unequal 
size, some of them quite large. The xylem ring is interrupted 
by 10-15 one or two-seriate medullary rays. The hard bast is 
prominently developed in a thick continuous zone which is 
crowded close upon the phloem. All cell walls are comparatively 
thick. 

In A. platanoides (fig. 4), which is fairly typical of the maples, 
the reproductive axis is quite cylindrical, smooth, and covered with 
a thin cuticle. The pith cells are uniformly rather small. The 
xylem ring is interrupted by 5-8 two to six-seriate rays. The hard 
bast zone is but slightly developed, narrow, widely interrupted, and 
remote from the young phloem. Compared with the vegetative 
stems, the reproductive axis of box elder and the maples shows an 


188 BOTANICAL GAZETTE [SEPTEMBER 


almost complete reversal of structural characteristics, but with 
far more conspicuous differences. 

Fig. 21 shows a section through the fruit (samara) of box elder 
at about the mid-level of the embryo. The walls of the seed vessel 
are very thick throughout, with a dense fibrous sclerotic lining of 
remarkable thickness. The fibrovascular strands are not very 
numerous, but some of them are quite large, with dense, centri- 
fugally massed pericycle. There is a subepidermal sclerotic zone 
of usually one layer of large thick-walled cells. The embryo is 
simply and symmetrically folded, and surrounded by a moderately 
thick, tanniniferous coat. 

Figs. 20 and 22 show sections of the fruit of A. platanoides. 
The wall is very thick at the base, but much thinner around the 
embryo. There is a fibrous sclerenchyma lining only near the base, 
and ‘it is not thick or dense even here. Fibrovascular strands are 
numerous, but all are small. The subepidermal sclerotic zone 
is composed of small, thin-walled cells. The embryo is very irregu- 
larly folded, and covered with a thick, dense, tanniniferous coat. 

The box elder fruit is clearly better fitted to withstand unfavor- 
able weather conditions than is the fruit of the maple. 


Geological record of box elder 

The Acer group apparently made its first appearance in the 
Upper Cretaceous, and became widespread and diversified in 
species during the Eocene, in which fossil remains of various maples 
are abundant. However, there is recorded only a single instance of 
the mention of Acer Negundo in a fossil state, and that in the 
Miocene at Oeningen in Baden (Neues Jahrb. 1835. p. 55). But 
since this record has not been referred to by any recent authority, 
it may be set aside as of very doubtful value. Fossil leaves of the 
Negundo-like type are of rather frequent occurrence as far back as 
the Upper Cretaceous. LESQUEREAUX in 1868 founded the genus 
Negundoides for a single species from the Cretaceous (Dakota 
Group) of Nebraska, but PAx, in his revision of Acer, reduced this 
genus to Vegundo (Bot. Jahrb. 62346. 1885). Under the genus 
Negundo the following fossil species have been described: Eocene, 
N. europaeum Heer (Switzerland and Oeningen in Baden), V. 
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decurrens Lesq. (Colorado), N. triloba Newberry (Ft. Union Beds, 
North Dakota); OLIGOCENE, N. bohemica Menzel (Bohemia); 
Miocene, NV. trifoliata Braun (Oeningen in Baden), A. Negundo 
(from Oeningen, 1835; doubtful). To these may be added the 
apparent box elder described by KNOWLTON, under the name of 
Rulac crataegifolium, from the Miocene of the John Day Basin, 
Oregon (Bull. U.S. Geol. Surv. no. 204. p. 77. pl. 16. fig. 7). 
Since the Glacial Period the Negundo type has been abundant 
and varied throughout all of the morainal regions. The remark- 
able elasticity of the type under shifting stress of environment 
doubtless accounts in large measure for its unusual success. 


Theoretical considerations 


As a result of the studies and observations outlined in this 
paper, the writer is of the opinion that the box elder, in its present 
highly specialized form, is a product of the Glacial Period. The 
evidence may be stated concisely as follows: 

1. Vegundo characters were but slightly developed before the 
Pleistocene or Glacial Period. They have been widespread since 
that time. .Vegundo occurs in greatest abundance in regions of the 
richest glacial drift, especially upon and below the great terminal 
moraines. 

2. Negundo characters were apparently developed rapidly, and 
partially fixed, through exposure to the inclement conditions along 
the margins of the great continental ice sheet. 

3. Negundo was apparently a primitive variant from the 
ancestral Acer stock, possessing peculiarities especially adapted to 
glacial conditions. These features were greatly emphasized by 
the glacial experience of the species. The impetus gained from 
glacial influences is not yet lost. Negundo is highly variable, yet 
irretrievably separated from the true maples. The nearest points 
of correspondence are found in A. pennsylvanica, A. spicatum, and 
A. platanoides. 

4. Characters of Vegundo that would fit it for glacial environ- 
ment are as follows: (a) leaf morphology and anatomy; maximum 


utilization of light; (6) medullary strands in petiole; great capacity 
for transportation; (c) extended insertion of leaf trace into stele; 
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(d) color of twigs; energy absorption; protection; (e) indetermi- 
nate growth; maximum growing season; (/) food storage capacity ; 
amyliferous tissue; (g) high vitality of lateral buds; () vegetative 
activity of shoots; quick response to warmth and light; rhizogeny; 
(i) medullary rays; marginal cells; extension into bark; (j/) large 
and numerous pits in wood elements; (&) bark; thick, tough, 
elastic, persistent; (/) unobstructed conduction in roots; (mm) great 
extent of root system; (7) large number of seeds; (0) anemophily; 
(p) extreme protection of embryo; thick, resistant seed coats; 
(g) food storage in embryo; (r) fruit long persistent on the tree. 


Summary and conclusions 

1. Negundo aceroides does not appear as an authentic species in 
the geological record before the Glacial Period. 

2. The fundamental Vegundo characters made their appearance 
as early as the Upper Cretaceous, but only as minor variations from 
the Acer type. 

3. In structure of leaf, efficiency of transporting tissue, capacity 
of storage organs, and in maximum utilization of light, heat, and 
growing season, Vegundo became peculiarly adapted to the rigors 
of a glacial environment. 

4. The impetus acquired by Vegundo during the strenuous period 
of its adaptation to glacial conditions is still manifest in the pro- 
nounced inconstancy of the Vegundo type. However, there seems 
to be no true reversion to the pre-glacial ancestral forms. 

5. In practically every particular, except the morphology of 
the fruit, Vegundo is now essentially different from the true maples. 

6. Upon purely anatomical grounds, it appears that Vegundo 
possesses characteristics of generic rank, and while the box elder 
is undoubtedly a descendant from the ancestral Acer stock, it has 
now reached a stage of differential development that may fairly 
exclude it from the group of true maples. Thus there seems to be 
ample justification for the name ‘ Negundo aceroides Moench. 
1794.” 


In conclusion, I wish to express my thanks to Professor F. H. 
KNOWLTON for facts in regard to the geological record of the box 
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elder; and to Professor WILLIAM TRELEASE for valuable sug- 
gestions and for his lively and encouraging interest in the progress 


of this work. 


WAUKESHA, WIS. 


EXPLANATION OF PLATES V-X 


Fic. 1.—Photograph showing the commoner types of box elder leaves; X }. 
Fic. 2.—Trunk surface of box elder; <1}. 
Fic. 3.—Trunk surface of Acer saccharinum; X {. 


Fic. 4.—Transverse section of the reproductive axis of Acer platanoides; 


X 20. 


Fic. 5.—Transverse section of the reproductive axis of box elder; X 20. 
Fic. 6.—Transverse section of young root of A. rubrum; X 20. 

Fic. 7.—Transverse section of young root of box elder; X 20. 

Fic. 8.—Transverse section of petiole of A. rubrum; X 20. 

Fic. 9.—Transverse section of petiole of box elder; X 20. 

Fic. to.—Tranverse section of petiole of A. platanoides; X 20. 

Fic. t1.—Radial section of the bark and outer wood of an older root of 


A. rubrum; X20. 


Fic. 12.—Transverse section of the bark and outer wood of an older root 


of A. rubrum; X 20. 


Fic. 13.—Transverse section of the 


box elder; X 20. 


Fic. 14.—Transverse section of the 


A. platanoides; X 20. 


Fic. 15.—Transverse section of the 


A. saccharum; X20. 


Fic. 16.—Transverse section of the 


A. rubrum; X20. 


wood 


wood 


wood 


wood 


and bark of a to-year stem of 
and bark of a 12-year stem of 
and bark of an 8-year stem of 


and bark of a 20-year stem of 


Fic. 17.—Transverse section of a vigorous 1-year stem of A. saccharinum; 


Fic. 18.—Transverse section of the midrib of the leaf of A. rubrum; X 25. 
Fic. t9.—Transverse section of a vigorous 1-year stem of box elder; X to. 
Fic. 20.—Transverse section of a seed of A. platanoides; <8. 

Fic. 21.—Transverse section of a seed of box elder; X15. 

Fic. 22.—Tranverse section through the base of the samara of A. plata- 


noides; X8. 


Fic. 23.—Tangential section of the bark of A. rubrum; X 20. 
Fic 24.—Tangential section of the bark of box elder; X 20. 
Fic. 25.—Radial section of wood and bark of box elder; X 20. 
Fic. 26.—Radial section of wood of A. saccharinum; X 20. 
Fic. 27.—Transverse section of wood of A. saccharinum; X 20. 


X15. 


PIG: 
Fic. 
Fic. 
FIc. 
Fic. 
Fic. 
Fic. 
Fic. 
Fic. 


Fic. 


Fic. 
Fic. 
FIc. 
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28.—Tangential section of wood of A. saccharinum; X20. 
29.—Radial section of wood of box elder; X 20. 

30.—Transverse section of wood of box elder; X 20. 
31.—Tangential section of wood of box elder; X 20. 
32.—Transverse section of leaf of box elder; X 500. 
33.—Transverse section of leaf of A. saccharinum; X 500. 
34.—Tangential section, medullary ray of box elder; X 500. 
35-—Tangential section, medullary ray of A. platanoides; X 500. 
36.—Radial section, medullary ray of box elder; X 500. 
37.-—Radial section, medullary ray of A. rubrum; X 500. 
38.—Transverse section of wood of A. saccharinum; X 500. 
39.—Transverse section of wood of box elder; X 500. 
40.—Transverse section through the amyliferous zone of the medulla 


of box elder; X 500. 


Fic. 


41.—Transverse section through the amyliferous zone of the medulla 


of A. saccharinum; X 500. 
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SOME EFFECTS OF ETHYLENE ON THE 
METABOLISM OF PLANTS 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 207 
EDWARD MARIS HARVEY 


(WITH TWO FIGURES) 


Introduction 

Etiolated pea seedlings develop abnormally when they are 
grown in the “impure air” of a laboratory. This response to 
atmospheric impurities has become well known through the 
work of NELJUuBOW (25) and others. Three phases, at least, 
are usually distinguished in the response of the epicotyl of the 
seedling: (1) a retardation in the rate of elongation, (2) swelling, 
and (3) a change from negative geotropism to diageotropism. 
Furthermore, this characteristic response can be produced by a large 
number of chemical compounds. However, the three phases 
mentioned are not induced with equal ease; the third may never 
appear for a given substance, although that substance readily 
| causes swelling and interferes with the rate of elongation. Like- 
wise, both the second and the third may not appear, although there 
is a marked retardation of growth. The swelling of developing 
plant organs in the presence of poisonous substances is a very com- 
mon response, especially when the concentration of the substance 
in question is near the lower toxic limit. So frequently does this 
phenomenon occur that one is perhaps justified in saying that swel- 
ling is one of the first superficial indices of a disturbance in the 

’ metabolism of a plant. 
Of the large number of chemical compounds capable of inducing 
swelling in the pea seedling, ethylene has been found to be the most 
effective. According to Kyicur, Rose, and Crocker (19), 
» ethylene will cause swelling of the epicotyl of the sweet pea seedling 
in dilutions of about 0.00004 per cent (by volume), while to pro- 
duce similar results with chloroform, for example, the concentration 
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must be about 1 per cent. This illustrates how sensitive the sweet 
pea seedling is to traces of ethylene. Moreover, it seems fairly 
well demonstrated that for plants in general (but by no means all) 
ethylene is relatively very toxic. 

The remarkable capacity of ethylene to induce swelling naturally 
suggests the question, What is the effect of ethylene on plant 
metabolism? A certain amount of work has been published on the 
effects of illuminating gas and “laboratory air,” which should 
furnish required data on the question, since in both those gaseous 
mixtures ethylene has probably been an important factor. Never- 
theless, with regard to the effect of ethylene as such, I have been 
able to find no literature. This was largely the reason for under- 
taking the investigation reported here, the work having as its sub- 
ject the determination of the changes brought about in plant tissue 
by ethylene. 

Historical 

Our knowledge of the changes in metabolism causing and accom- 
panying swelling of plant organs has been gained largely from 
investigation of the effects of anaesthetics, particularly ether and 
chloroform. For a general historical résumé of the literature of the 
effects of anaesthetics on plants, the reader is referred to an excellent 
paper by Hempet (11). The following consideration of the litera- 
ture deals only with the effects of anaesthetics on the chemical 
composition and the respiratory processes. 

JOHANNSEN (16, 17) found that certain concentrations of ether 
and chloroform caused an increase of soluble sugars and a decompo- 
sition of proteins in bulbs of Crocus and seeds of pea and barley. 
But he also noted that very weak ether gave reversed effects, that 
is to say, favored starch and protein synthesis. His explanation 
for the increase in sugars and amino bodies was simply that anaes- 
thetics interfered with the condensation, but not with the hydro- 
lyzing processes. ZALESKI (36), working with Lupinus, found that 
protein synthesis was favored by ether and hindered by caffein. 
BurkKEwIrTscuH (3) and BARTEL (2) both reported an increase of 
tyrosin in Lupinus, as an effect of chloroform. PRIANISCHNIKOW 
(28) was able to demonstrate a considerable increase of asparagin in 
Lupinus when the seedlings were grown in an atmosphere containing 
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traces of gaseous impurities. Lescurscu (22) studied the effect of 
turpentine on protein metabolism in bulbs of Allium. An accelera- 
tion of protein synthesis occurs in wounded bulbs, but the process 
is further accelerated by small amounts of turpentine and hindered 
by large amounts. PurtewitscH (27) noted that ether interfered 
with the synthesis of starch. To account for this phenomenon 
he assumed an increased rate of respiration, whereby the sugars 
were used up. BuTkKEWITSCH (4) reports similar effects for toluol 
and chloroform. Starch in the bark and wood of Morus and 
Sophora was rapidly hydrolyzed. This hydrolysis cannot be 
explained, he thinks, on the supposition of an increased respiration, 
since sugars increase concomitantly with the decrease of starch. 
Also, he points out the analogy between the effects of toluol and 
chloroform and of low temperatures; both may be explained on 
the basis of injury to the plastids. REINHARD and SUSCHKOFF (29) 
determined the effects of several substances upon starch synthesis. 
Ether seemed to act, not only as a hindrance to starch formation, 
but also as an accelerator of hydrolysis. Antipyrin, morphine, and 
caffein hindered, but urea and asparagin favored starch synthesis. 
Similarly DELEANO (6) observed a rapid destarching of leaves in 
the presence of chloroform, a result apparently contradictory to 
that reported by CzapEK (5). RICHTER (30), working with illu- 
minating gas, laboratory air, xylol, etc., and GrRare (8), with 
formaldehyde, have shown that an accumulation of sugar is favored 
by these substances. ARMSTRONG and ARMSTRONG (1) have 
demonstrated that toluol, ether, chloroform, etc., cause an increase 
of glucose and HCN in leaves of Prunus lauro-cerasus, due to a 
rapid splitting of the glucoside present. HeEMPEL (11) has made 
a careful study of the effects of ether on seedlings of Pisum and 
Lupinus with particular regard to the CO, output, and the changes 
in the nitrogen compounds and sugars. Her results show that 
ether effects are dependent upon the concentration. The normal 
destruction of the proteins in germination was retarded by “weak” 
doses (up to approximately o.o1 per cent by volume), but the 
process was accelerated in strong doses. All concentrations inter- 
fered with the inversion of sugars. GRAFE and RICHTER (9) have 
published an article on the effects of acetylene on the chemical 
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composition of several kinds of seeds and shoots. They found 
that the sugars and amino acids increased in tissues which were 
naturally high in carbohydrate (Vicia, Laburnum, and potato 
shoots), while in fatty tissue (seeds of squash, mustard, and flax) 
there was a slight decrease. Also, acetylene caused an increase 
in the amount of glycerine and fatty acid in the seeds, resulting in a 
decrease in the amount of fat. Like results were obtained for illu- 
minating gas. They conclude that the condensation processes alone 
are affected. However, it seems quite possible that anaesthetics 
sometimes also hasten the hydrolyzing processes. This is further 
indicated by the recent work of McCoor (24), in which he claims 
that the acceleration of enzymatic activity (of diastase and oxidase) 
takes place during etherization, although the activity of catalase 
is depressed. 

A preliminary examination of the results referred to above shows 
a number of inconsistencies; but GRAFE and RICHTER have well 
pointed out that these inconsistencies are probably not real. Most 
of them become clear when the effect of anaesthetics, with regard 
to the general chemical reactions of plants, is expressed as follows: 
that the condensation processes are favored by ‘“‘ weak” and hin- 
dered by “strong” concentrations; but that the effect on the hydro- 
lyzing process is uncertain. 

The literature dealing with the effects of anaesthetics on respira- 
tion processes uncovers about the same general situation as stated 
above, since weak doses seem to accelerate and strong doses to 
retard respiration. This statement is borne out by the results of 
ELFVING (7), JOHANNSEN (15), MORKOWIN (23), LAUREN (21), and 
others. However, MorRKOWIN considers that the respiration of 
carbohydrates cannot be accelerated by ether; that such is possible 
only with nitrogenous substances. Also LAuREN found that 
whether or not respiration could be accelerated by ether depended 
upon the kind of plant used. Respiration was accelerated in 
proportion to the dose in Ricinus and Lupinus; slightly accelerated 
in limited doses, later depressive, in Pisum, Phaseolus, and Cucur- 
bila; and there was no acceleration in Brassica, Hordeum, and Zea. 
IRVING (12) has shown that for chloroform the effect depended upon 


the dose. Small doses increased the CO, releasal; medium doses 
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caused an initial outburst, afterward a falling off; and strong 
doses caused depression from the beginning. THopay (33) has 
made some careful determinations, both of CO, releasal and of 
Q, absorption. Weak concentration of chloroform accelerated 
both processes to an equal degree, hence the respiration ratio 
remained the same. When the doses were considerably stronger, 
respiration was retarded, but the correlation between the two 
processes was broken up. In leaves without tannin (Tropacolum) 
Q, absorption was depressed more than the CO, output. But in 
leaves containing tannin (Pinus and Helianthus) the situation was 
reversed; there was an initial rapid absorption of O, which soon 
fell to a level somewhat above the CO, production. 


Material 

The sweet pea seedling was chosen as experimental material 
for the present study, largely because it is so sensitive to toxic 
substances, and on account of the general interest surrounding its 
characteristic responses. 

Etiolated seedlings were used throughout the experiments. 
The seeds were purchased under the trade name Gladys Unwin 
(Vaughn’s Seed Store). The cultural methods employed have 
been described by Knicut and Crocker (20), although some minor 
changes were necessary in order to care for large cultures. The 
methods are briefly outlined below. 

The seeds were scratched with a file (to secure quick and uni- 
form germination), soaked for 12 hours in distilled water, and 
germinated on wet filter paper. When the hypocotyls had become 
3-7 cm. long the seeds were sowed upon wet absorbent cotton in 
large pans (2X30X48 cm.) and covered with a layer of wet filter 
paper. They were allowed to develop in absolute darkness at a 
temperature of 21~-24° C., until the epicotyls had reached an average 
length of about 2cm. The filter paper was then taken off the 
seedlings and the culture equally divided into two portions, one 
for treatment with ethylene, the other for control. The entire 
culture usually consisted of 12 pans, each containing about 250 
seedlings. The portion for ethylene treatment was transferred 
to a galvanized iron box of 225 liters’ capacity; the lid sealed gas- 
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tight; and enough ethylene’ admitted to make the concentration 
about 0.0001 per cent by volume. Both control and treated por- 
tions were then allowed to continue 
development for 72 hours under 
the same conditions (that is, of 
moisture, temperature, and dark- 
ness), except for the ethylene in 
one. At the end of this period 
the epicotyls were collected for 
experimentation. The total cul- 
ture period was 9g days. 

The epicotyls of the control 
seedlings, at the time of collection, 
were 8-11 cm. in length and verti- 
cal and straight. But the ethy- 
lene treated seedlings showed the 
well known “horizontal nutation”’ 

Fic. 1.—Etiolated seedlings of the (NELJUBOW 25) or “triple £C- 
sweet pea, showing the stage of sponse” (KNIGHT and CROCKER); 
development at which the epicotyls that is, the epicotyls were only 
were taken for experimentation: A, 
normal; B, ethylene treated, showing oS <=. long, swollen, and had 
the “triple response”; xX}. assumed horizontal or nearly hori- 

zontal positions. The difference 
in appearance between the ethylene treated and the untreated 
seedlings is shown in fig. 1. Certain histological differences are 
shown by the drawings of fig. 2. 


Methods and experimentation 
The present attack of the problem on the effects of ethylene has 
been made through a study of the following questions: (1) chemical 
composition, (2) acidity, (3) osmotic pressure and permeability, 
and (4) respiration. A decided emphasis has been laid upon the 
chemical phase of the problem. 


« The ethylene used in these experiments was prepared by dropping ethyl alcohol 
into syrupy phosphoric acid at a temperature of about 215° C. The final dilutions 
of ethylene were made from a stock ethylene-air mixture containing 2.5 per cent 
ethylene. 
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A. CHEMICAL ANALYSIS 
1. General procedure 


At the close of the culture period, the epicotyls of the seedlings 
were collected, their wet weight determined, and preserved in 


Fic. 2.—Sections of the sweet pea epicotyl at the stage corresponding to fig. 1: 
A and B, normal; C and D, ethylene treated; X50. 


85 per cent alcohol? (redistilled). Both the ethylene treated and 
the untreated samples usually weighed 1oo-150 gm. Soon after 


? Enough g5 per cent alcohol was added to make the final concentration 85 per cent, 
allowing for water in the tissue, which was about 92 per cent. 
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preserving, the tissue was heated in a water bath for one hour at 
7o° C. and set aside for at least one week before proceeding with 
the analysis. Later the epicotyls were cut with scissors into 
2-5 mm. lengths, transferred to ashless filter paper extraction cups, 
and the preserving liquid filtered through the cups. Two extrac- 
tions followed, one with hot 95 per cent alcohol for 4 hours and the 
other with hot ether for 2 hours. Then the tissue was powdered 
in a mortar and finally extracted for 12 hours more with hot 95 per 
cent alcohol. This procedure separated the sample into alcohol- 
ether soluble and insoluble portions. The dry weight of each was 
determined by methods which are described below. That of the 
insoluble fraction was found simply by drying to constant weight 
in an oven at 104°C. But the soluble fraction was concentrated 
upon a water bath to about 450 cc., transferred to a 500 cc. volu- 
metric flask, and made up to the mark. Then an aliquot part 
(usually roo cc.) was taken for dry weight determination, and later 
for ashing. The final drying was carried out in a vacuum desic- 
cator over CaCl.. 

Analysis of the alcohol-ether soluble fraction was carried out 
on the remaining 400 cc. This was evaporated to small volume to 
free it from alcohol, taken up with water, and transferred to a 500 cc. 
volumetric flask. Fats and lipoids were precipitated from solu- 
tion by the addition of 3-5 cc. of chloroform and 10-15 cc. of 
5N HC. After shaking, the solution was made up to volume and 
set aside in an ice box for 24 hours to settle. The clear supernatant 
liquid was then decanted and filtered. No determinations were 
made upon this fat and lipoid residue. The water solution was 
divided into portions for the following determinations: (a) car- 
bohydrates, (6) total nitrogen, and (c) ammonia and alpha-NH, 
nitrogen. 

Analyses on the alcohol-ether insoluble fraction included the 
following: (a) reducing sugars after acid hydrolysis, (6) total nitro- 
gen of the fraction, (c) total nitrogen of the portion rendered soluble 
by acid hydrolysis, (d) “crude fiber” (dry weight only), which was 
that portion remaining insoluble after acid hydrolysis, and (e) weight 
of ash. The “crude fiber” would largely be cellulose plus protein 
which was yet undissolved by acid hydrolysis, hence the results 
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from (d)—[(b)—(c)] should give an approximate figure for the 
cellulose present. 
2. Carbohydrates 

Reducing sugars, before and after hydrolysis, were determined 
for the alcohol-ether soluble fraction. The methods employed 
were those of Munson and WALKER (26, pp. 241-251). The 
reduced copper was determined by the volumetric permanganate 
method described in the above-named bulletin (p. 52). Similarly, 
the reducing sugars were determined for the insoluble fraction after 
2.5 hours of hydrolysis with 3.5 per cent HCl. 


3. Nitrogenous substances 


Total nitrogen was determined by the KJELDAHL method and 
the amino acids and amids by both the formol titration (as described 
by JESSEN-HANSEN, 14, and VAN SLYKE’s methods, 34). While 
employing the latter method, estimations were made of ammonia 
and alpha-NH, groups both before and after a 24-hour hydrolysis 
with 20 per cent HCl at 98-99° C. (see 35). 


4. Fats 


Only the dry weight of the ether extract and the free fatty acid 
value were estimated. Separate samples were used for fat deter- 
minations. The tissue was collected and preserved as previously 
described, but instead of the alcohol extraction being used as before, 
the tissue was spread out to dry in a current of air, absolute alcohol 
being added from time to time to hasten the drying process. The 
dried tissue was then extracted for 12 hours with absolute ether. 
Also, the preserving liquid was evaporated, the residue dried in 
vacuo, and taken up with absolute ether. The ether extracts were 
combined, dried in vacuo, and the weight determined. Free fatty 
acids of this residue were estimated by titration in the usual manner. 


5. Results 


The following statements are made in explanation of the tables 
of results. Whenever percentages are given, the figures are always 
in terms of the fofal dry weight of the samples. Also, the numbers 
of the samples are given in order to facilitate proper comparison 
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between ethylene treated and untreated tissue; for, as has been 
stated, a given culture was not divided into the two portions until 
72 hours before the end of the cultural period. Considering the 
unavoidable variations which must enter into different cultures, 
the treated and untreated pair of samples from one culture should 
therefore be more comparable than any other combination; for 
example, the treated sample of one culture and the untreated of 
another. Samples I and II, afterward IV and V, VI and VII, 
etc., are directly comparable. 


TABLE I 


TOTAL ALCOHOL-ETHER SOLUBLE SUBSTANCES IN THE ETHYLENE TREATED AND 
UNTREATED TISSUE 


UNTREATED TREATED 
| Percentage | Percentage Percentage | Percentage 
No. of of alcohol- | of alcohol- ——— No. of of alcohol- | of alcohol- — 
sample ether | ether yes sample ether ether : lids 
soluble | insoluble soluble insoluble 
| 59-79 | 40.21 8.73 67.63 8.54 
| 59.28 | 40.72 8.00 |, 68.80 31.20 7.82 
59.04 | 40.96 7.82 VI 67.43 34.57 8.32 
| 59.40 | 40.60 8.50 64.98 | 35.02 8.60 
| 60.00 | 40.00 7.80 67.60 32.40 | 8.30 
S|, rn | 59.60 | 40.40 | 8.34 | XVIII (a) 68.64 31.36 | 8.90 
| 59.70 | 40.30 8.53 XVIII (6) 68.76 31.34 8.94 
XXIII 59.66 | 40.37 8.48 


Mean..| 50.55 | 40.45 8.27 Mean..| 67.70 32.30 8.48 


Table I gives the results of the separation of the samples into 
alcohol-ether soluble and insoluble portions. Two facts are note- 
worthy: first, that the soluble substances are more abundant in 
the ethylene treated than in the untreated tissue, a difference 
amounting to about 8 per cent; and, secondly, the water content of 
the two tissues is practically the same, being about 91.5 per cent. 
To what substances this difference is due should become clearer 
from the tables to follow. 

Table II shows the amount of reducing sugars in the alcohol- 
ether soluble fraction before and after hydrolysis, and also the redu- 
cing power of the insoluble fraction after hydrolysis. These latter 
data cannot be expressed, even approximately, in percentages, 
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on account of the probability of a great variety of hydrolyzable 
polysaccharides present. 


The amount of reducing sugars in the soluble fraction is con- 
siderably greater in the treated tissue, although the results of sample 
II are inconsistent. Again, after hydrolysis, the treated tissue 
still shows more reducing sugar, but the difference is less pro- 
nounced, which means that the higher soluble carbohydrates, such 
as the disaccharides, are really less in this tissue than in the un- 


treated. One seems justified in saying that the ethylene treated 
tissue has about 11 per cent more of the lower, and about 3 per cent 
TABLE II 
CARBOHYDRATES 
ALCOHOL-ETHER 
ALCOHOL-ETHER SOLUBLE FRACTION INSOLUBLE 
FRACTION 
Mg. cu. reduced 
Percentage of 
camare | Percentage of for each gm. of 
No. reducing sugars | by material after 
elore hycrol- | after hydrolysis 2.5 hours’ 
hydrolysis 
10.19 15.92 5.93 143.4 
\| XV 12.30 15.70 3.40 140.1 
II 13.84 15.36 120.7 
Ethylene treated) | IV 23.18 25.506 2.38 124.0 
VI 23.70 25.30 1.60 109.7 
XIV 20.39 21.51 52 118.8 


* Hydrolysis 5 hours. 


less of the higher soluble sugars than the untreated. The reducing 
power of the alcohol-ether insoluble fraction after hydrolysis is 
clearly less in the treated tissue. The polysaccharides, which are 
likely to be present and which are capable of yielding reducing 


sugars by this acid hydrolysis, are starch, ligno-celluloses, galactans, 
pectins, etc. Microchemical tests show that very little starch is 
present in either tissue. The reducing sugars, therefore, are largely 
from other polysaccharides. An examination of the drawings of 
fig. 2 will aid in interpreting the differences found. Around the 
four leaf traces, mechanical tissue is considerably more abundantly 
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developed in the untreated epicotyl. This anatomical difference 
agrees with the findings of KAUFMANN (18) for lupine seedlings 
treated with ether. From a chemical viewpoint the difference 
seems sufficient to account for the greater power of reduction of the 
untreated tissue after hydrolysis, inasmuch as mechanical tissue 
contains a large proportion of rather easily hydrolyzable carbohy- 
drates. That these polysaccharides are not completely hydrolyzed 
by the 2.5 hours’ hydrolysis is shown by comparing samples 
XII (a) and XIII (6), in which the hydrolyzing time of the latter 
was doubled. 
TABLE III 


| No. of sample 


Percentage of Approximate per- 
“crude fiber” | centage of cellulose 
V 15.00 9.2 
16.18 
Untreated tissue............. XIII (a) 15.00 
Ethylene treated tissue....... LV. 6.22 
VI 11.28 8.3 


< 
S 


* Hydrolysis 5 hours. 


Table III gives the results of “crude fiber” determinations. 
‘Crude fiber” obviously is a mixture of a large number of sub- 
stances, such as unhydrolyzed protein, cellulose and other poly- 
saccharides, etc. However, this fiber must be largely cellulose 
and protein. Less crude fiber was found in the treated tissue. 
The approximate percentage of cellulose was estimated by sub- 
tracting from “‘crude fiber”’ the total protein present before hydrol- 
ysis, minus the protein rendered soluble by the acid hydrolysis. 
By this method relative differences, at least, should be shown, and 
the results indicate that the treated tissue had about 3 per cent 
less cellulose than the control. 

In table IV are shown the total nitrogen and the ammonia and 
amino nitrogen, before and after hydrolysis, in the alcohol-ether 
soluble fraction, and the total nitrogen in the alcohol-ether insoluble 
fraction. 


The total nitrogen figures for the former fraction do not show 
a difference between the treated and untreated tissues. Both the 
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formol titration and the VAN SLYKE methods show a higher amino 
nitrogen content in the treated tissue before hydrolysis, but after 
hydrolysis the difference does not appear. (Determinations after 
hydrolysis were made only by the VAN SLYKE method.) Since the 
increase of alpha-NH, nitrogen, by hydrolysis, is somewhat more 
in the untreated tissue, it suggests a less amount of polypeptides 
in the treated tissue, a situation for the soluble nitrogenous sub- 
stances corresponding to that of the soluble carbohydrates of this 
fraction. The ammonia-nitrogen results are very variable and no 
conclusions can be drawn from them. 


TABLE IV 


NITROGEN 


ALCOHOL-ETHER 
ALCOHOL-ETHER SOLUBLE FRACTION INSOLUBLE 
FRACTION 


| NH, | Amino- NH Amino- 


| I; 
Total | before 


nitrogen| | nitrogen 
No. of sample jitrogen | hydrol- | = niteogen | Protein 

| ysis ysis | ysis ysis | 
treated VI 5.20 | 0.905 | 5-93 

| 0.40 | 2.41 1.25 2.98 


* Obtained by the formal-titration method. 


The total nitrogen of the alcohol-ether insoluble fraction is 
less in the treated tissue. By employing the factor 6.25 to the 
nitrogen figures, it is found that the proteins are about 3 per cent 
less in the treated tissue. Although the results at first seem some- 
what inconsistent, they no longer appear so when treated and 
untreated samples of the same culture are compared. 


‘ 
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Table V gives the percentage of ash of the soluble and insoluble 
fractions. No marked difference appears between the two tissues. 
TABLE V 


ASH 


Percentage of ash of the | Percentage of ash of the 


| No. of sample alcohol-ether alcohol-ether insoluble 
| extract residue 
\| VII 3.08 
| 
Ethylene treated (| II 2.76 54 
VI 1.47 


Table VI shows the amount of ether soluble substance and the 
free fatty acid value. The figures in parentheses were not deter- 
mined, but calculated on the assumption that the percentage of 


TABLE VI 


Fats 


cc. of 

cc. of | N 
NaOH to 
neutralize 
| free fatty 


| 


| N/t 
ercentage 
Dry wt. of Percentage 


No. of Wet wt. of Dry wt. of | 
ether- | of ether- 


| sample tissue gm. | tissue gm. extract em.lextractives neutralize ani 
| free fatty f 

acid 
ether ex- 

| | tract 
Untreated XXVII | 119.57 | 10.043 | (0.220) | (2.2) 3:00. | (3.63) 
tissue...... | XXIX | | 0.313 | 2.27 3.86 

| 

Ethylene treat-{) XXVI 139.45 713 | (0.140) | (i.2) | (13.772) 
ed tissue: | 964.55 | 222222 | | “1-22 3.56 


ether-extractives was the same in these samples as in others. One 
thing is rather clear from the table, namely that less fat is present 
in the treated tissue, a fact which agrees with the effects of acetylene 
in oily seeds as studied by GRAFE and RicuTER (9g). The free acid 
value is of particular interest on account of the claim of Iwanow 
(13) that the free acid value is predetermined by the degree of 
saturation of the fatty acids involved in the fat in question. How- 
ever, the free acid value of the fats in the two tissues was not found 
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to differ. On the foregoing assumption one may therefore say the 
nature of the fats in the treated and untreated tissues is the same 
as regards degree of saturation. 


B. ACIDITY 
For acidity determinations the epicotyls were collected as 
described for the chemical analysis. The wet weight of the sample 
was determined, but instead of being preserved in alcohol, the 
tissue was directly triturated with water in a mortar. More water 
was added to bring the mixture up to a definite volume, and finally 
the free acids present were titrated with N/1o NaOH, using 
phenolphthalein as indicator. The entire procedure, from the 
cutting of the seedlings to the end of the titration, required about 
one hour. The foregoing method is rather unsatisfactory; in 
addition to the fact that in this way one estimates only the surplus 
H-ions, other objections may be offered. However, any marked 

relative difference can be caught by this method. 
TABLE VII 
AcIpDITY 
| Wet. wt. of tissue in 


ot tissue 


Untreated. 


79.65 
Ethylene treated... .}| 79-95 


The results obtained are found in table VII, expressed in terms 
of N10 NaOH required to neutralize 1 gm. wet weight of the tissue. 
No consistent difference is evident between the treated and control 
tissues. 

C. OSMOTIC PRESSURE AND PERMEABILITY 
Osmotic pressure was estimated by two methods, freezing point 


and plasmolysis. For the former method, the juice was expressed 


E 
fo.7241 
0.7482 
.7482 
2 
25 605 0.8457 
\| 0.8730 
Jo.7706 
10.7383 
| 0.8288 
79-55 0.8118 
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by means of a hand press giving about 300 kgm. per sq. cm., the 
tissue having been coarsely cut up with scissors and wrapped in a 
single layer of art canvas. The freezing point was determined with 
the BECKMAN apparatus, following the directions given by Ham- 
BURGER (10). Both osmotic pressure and permeability were 
investigated by the plasmolytic method. Plasmolysis was ob- 
served in the cortical cells just underlying the epidermis at the 
base of the second leaf scale (that is, second from cotyledons). 
Plasmolytic agents employed were sucrose, glucose, KNO,, and 
glycerine. A solution was considered isotonic with the cell sap 
if it just caused plasmolysis after 30 minutes. The temperature 
was 20-24° C. 
TABLE VIII 


OSMOTIC PRESSURE BY FREEZING POINT 


No. of sample Presufe in| Mean presur 

°.610 7:45 

( I\ 0.755 | 


In table VIII are the results by the freezing point method. It 
is evident that the juice of the treated tissue has a higher osmotic 
pressure than that of the control, a difference of about two 
atmospheres. 

Similarly, table IX gives the results by the plasmolytic method. 
The figures show that the same relative difference of about two 
atmospheres exists between the treated and untreated tissues, 
although the pressures themselves are somewhat higher. RICHTER 
(31) and others have assumed a rise of osmotic pressure in tissues 
under the influence of anaesthetics. This assumption is based 
upon the fact that sugars and other osmotically active substances 
were known to increase. However, no previous measurements 
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of osmotic pressure under such conditions have apparently been 
made. 

Results with KNO, and glycerine indicate probably two things: 
first, that neither the treated nor the untreated tissues are very 


TABLE IX 


OSMOTIC PRESSURE AND PERMEABILITY 


Difference in gm.- 


I lasmoly zing Concentration Osmotic pressure in| mol. between 
agent gm.-mol. treated and 
SI | untreated 
| Sucrose 0.37 | 9.38-9.52 | 
Glucose 0.37 
slucos 37 
Sucrose 0.46 | I1.70-11.84 | 0.09 


permeable; and, secondly, that the treated tissue is slightly more 
permeable than the control. 


D. RESPIRATORY CHANGES 


For the study of respiration, the cultural methods differed in 
some respects from those already described. When the epicotyls 
had become 2-3 cm. long (that is, ready for the usual 72 hours’ 
exposure period), the entire seedlings or the epicotyls only were 
taken from the pans and placed in test tubes of 20 cc. capacity, 
graduated for 15 cc. The condition in the test tubes were as fol- 
lows: They were filled with mercury and inverted over a dish of the 
same. The mercury in the tubes was displaced to the 15 cc. mark, 
either with pure air or an ethylene-air mixture containing 0.0002 
per cent ethylene. Three entire seedlings or four epicotyls were 
introduced from below into the various tubes. The experimental 
periods were 3, 6, 12, 24, 48, and 72 hours. At the close of a period 
the seedling or epicotyls were withdrawn by means of a hooked 
wire and the gas present preserved for analysis. The BONNIER 
and MANGIN apparatus was employed for the gas analysis, fol- 
lowing practically the procedure suggested by THopay (32). 
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In table X are the results of the analyses. Each set of fig- 
ures represents the average of a number of analyses; for example, 
the 12-hour cultures are from 16 analyses upon gas of 3 different 
cultures. The results plainly show a general depression of respira- 
tion by ethylene, both in the CO, production and the O, absorption. 
The respiratory ratio gradually increases with the time in both 
tissues, an increase which probably is due to the lowering of the 


TABLE X 


RESPIRATORY CHANGES 


= 
UNTREATED TISSUE | ETHYLENE TREATED 
| 


|Concentra- 


ion of gas 
33 ec. CO: ce. O2 cc. CO: cc. 
6a centage 
A (by vol.) 

3 | Epicotyls only ..| 0.2185 | 0.3664 | 0.66 | 0.0002 | 0.2449 | 0.3030 | 0.81 
6 | | 6.06 0.1703 | 0.2898 | 0.61 
6 | Entire seedling ..| 0.4138 | 0.6069 | 0.69 0.3780 | 0.5744 | 0.66 
12 i a 0.3758 | 0.5345 | 0.70 0.3197 | 0.4668 0.69 
2 0.3587 | 0.4190 | 0.84 ©.3127 | 6.3673 |°0. 81 
3 Epicotyls only ..| 0.3145 | 0.4025 | 0.78 | 0.01 0.3380 | 0.4086 | 0.84 
48 | Entire seedling..| 0.2501 0.2897 | 0.86 | ©.0002 | 0.2404 | 0.2869 | 0.85 
72 rf 0.3210 | 0.2300 | 1.39 iy ©.2010 | 0.2212 | 1.04 


oxygen pressure. In the 3-hour culture with ethylene the ratio 
is very large. The result, as it stands, comes from an excessive 
production of carbon dioxide. This ratio of o.81 seems extremely 
high in consideration of the 0.66 ratio of the control, and particu- 
larly of the 0.61 ratio of the 6-hour ethylene culture. However, 
IRVING (12) in her study of the effects of chloroform on barley 
leaves found that ‘‘medium”’ doses cause a large initial outburst 
of CO, quickly followed by a depression. 


Conclusion 


The results of the present study seem to indicate that the general 
effect of ethylene on plant metabolism is exactly comparable to 
the effects of the common anaesthetics, chloroform, ether, etc., as 
reported by other workers. Also, that the 0.0001 per cent ethy- 
lene concentration used is equivalent in its physiological effects 
to the so-called “strong”? concentrations of those anaesthetics, 
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concentrations which are in reality, for example in the case of 
chloroform or ether, thousands of times stronger. Probably most 
of the ether concentrations employed by HEMPEL (11) were many 
times weaker, physiologically, than the ethylene concentrations of 
the above-described experiments. Such an assumption would 
account for the difference between some of her results and those 
reported in this paper. It seems probable that ethylene, also, 
would favor condensation processes if used in “* weak”’ or ‘* medium”’ 
concentrations. 

In the presence of ethylene the simple soluble substances in- 
crease at the expense of the higher soluble and insoluble forms; 
direct reducing sugars against soluble non-reducing sugars and 
insoluble polysaccharides; amino acids and amids against proteins; 
and probably fatty acids and glycerine against fats, seeing that the 
latter were found to diminish. Accordingly, ethylene appears to 
affect the balance of the general chemical reactions of the plant 
in favor of the simpler substances. The experimental work offers 
no evidence as to whether or not this result is accomplished through 
an acceleration of the hydrolytic as well as through a retardation 
of the condensation processes, since all the substances present in 
the tissue examined (epicotyls) had, within a relatively few hours, 
arrived, in simple translocation forms, from the cotyledons. 

The accumulation of soluble substances in the tissue changes 
the osmotic relations of the cells and may have much to do with 
the observed swelling of plant organs in the presence of ethylene, 
for example in the characteristic ‘horizontal nutation”’ or ‘triple 
response” of the pea epicotyl. Also, the observed retardation of 
the rate of elongation may partly be accounted for by the fact that 
the gas interferes with the synthesis of complex substances, that 
is to say, perhaps with tissue formation. 


Summary 
1. Ethylene was found to be very effective in producing changes 
in the general processes of plant metabolism. 
2. Chemical analyses showed that ethylene caused the simple 
soluble substances to increase at the expense of the higher soluble 
and insoluble forms. 
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a) The hot alcohol-ether soluble substances (sugars, amino 
acids, amids, polypeptides, lipoids, etc.) increased by 8-9 per cent, 
while the insoluble substances (proteins, starch, cellulose, ligno- 
celluloses, etc.) were correspondingly diminished. The water 
content of the ethylene treated and control tissues was the same. 

b) The lower soluble sugars (by direct reduction) were about 
II per cent more and the higher soluble sugars (by reduction after 
hydrolysis) about 3 per cent less. The reducing power of the 
alcohol-ether insoluble residue, after hydrolysis, was decidedly 
less for the ethylene treated tissue; also, the cellulose content was 
diminished by about 3 per cent. 

c) Amino acid plus amids were more, and the polypeptides 
apparently less in the ethylene treated tissue. The protein con- 
tent also was about 3 per cent less. 

d) Fats were much less abundant in the treated tissue. The 
free fatty acid value was unchanged. 

3. The acidity of the ethylene treated tissue was not found to 
be changed. 

4. Ethylene caused an increase of osmotic pressure, as measured 
both by the freezing point and plasmolytic methods. 

5. The permeability was not sharply affected by ethylene, 
although it was somewhat increased. 

6. Ethylene affected respiration, retarding both the CO, pro- 
duction and the O, absorption, but the respiratory ratio remained 
practically the same. An exception to the preceding statement was 
found in the case of the shortest exposure period (3 hours), in which 
there occurred, apparently, an excessive production of CO., thereby 
increasing the ratio. 


I wish to acknowledge the many valuable suggestions of Drs. 
Witttam Crocker, of the Department of Botany, and FReEp- 
ERICK C. Kocu, of the Department of Physiological Chemistry, 
under whom the foregoing investigation was undertaken. 
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ON THE CUTICLES OF SOME INDIAN CONIFERS 


RutH HoLtpen 


(WITH PLATE XI) 

In no branch of science has the improved technic of the last 
few decades brought about a greater increase of knowledge than 
in paleobotany. The old purely systematic work based on impres- 
sions alone has been supplanted, or at least supplemented, by a 
microscopic examination of structurally preserved material. The 
results have been valuable along both geological and botanical lines; 
the former by insuring the reliability of stratigraphical correlations 
through more accurate diagnoses, and the latter by indicating the 
relationships between living groups of plants through more exten- 
sive information regarding their extinct ancestors. Recently the 
examination of epidermal tissues has opened up a new line of 
attack. This method has been especially fruitful among the 
Cycadales, and our ideas of the affinities of fossil cycads have 

been materially altered. The next group to be attacked is 
obviously the Coniferales. Such genera as include both fertile 
and sterile shoots have, as a rule, certain definite diagnostic 
characters, but where a knowledge of the reproductive parts is 
lacking, chaos reigns supreme. In a few cases structurally pre- 
served material has been examined, and the results have shown 
in a very striking manner the futility of attempting to classify 
according to impressions alone, and the folly of affiliating specimens 
with the living genera which they may simulate in external appear- 
ance. When we consider that Thuyitis crelacea and Widdring- 
lonitis Reichii, both formerly included in the Cupressineae, have 
been proved to be araucarians (14), the truth of this statement is 
evident. In cases where the state of preservation precludes the 
possibility of a satisfactory investigation of the internal anatomy, 
the next best thing is to examine their cuticles. Such work has 
been undertaken in a few instances, as for example, ZEILLER (31) 
and BERRY (3) on Frenelopsis, SCHENK (21) and NATHORST (19) 
on Palissya, THOMPSON (30) on Frenelopsis, Androvettia, and 
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Brachyphyllum, and THomas (28) on Taxites. In addition to these, 
there are many scattered references to the distribution of stomata 
in the description of coniferous leaves, as by JEFFREY (14), BERRY 
(3), STOPES (26), and Stopes and KEersHAW (27), but too often there 
has been no attempt at correlation with living forms. 

In the structure of the epidermis there are certain features which 
are constant, and certain others which seem to vary, not only 
within the genus or species, but even in different individuals. 
For example, in the case of flattened dorsiventral leaves of 
the Taxites type, the stomata are always abundant on the 
lower surface, but may or may not be present on the upper as 
well. Thus MALHERT (16) states that in Sequoia sempervirens, 
Abies, and Pseudotsuga they are present on both surfaces, but I 
have found many instances where they were completely lacking 
above. As regards numbers, such a character must obviously 
vary, and even a hasty examination shows flaws in the elaborate 
keys of BERTRAND (6), where Araucaria excelsa is described as 
having 3 nerves, and 4 groups of stomata of 5 rows each; A. 
Balansae, with 5 nerves, and 4 groups of stomata of 8 rows each, 
etc. This is commented on by SEWARD and Forp (25): ‘The 
veins vary in number in the leaves of a species according to the 
part of the lamina examined and the age of the leaf. The rows of 
stomata exhibit similar varieties; for example, Araucaria imbricata, 
said by BERTRAND to have 70 rows, may have any number from 
60 to 80.” 

As regards arrangement of the stomata with reference to each 
other, there seems to be remarkable constancy. Thus in practi- 
cally all leaves of the Taxites type, they are in regular rows on each 
side of the midrib, with the long axis of the stoma parallel with the 
edge of the leaf. This seems to hold irrespective of the family 
to which the specimens belong: Pseudotsuga, Tsuga, Abies, and 
Keteleeria in the Abietineae; Widdringtonia in the Cupressineae; 
Cunninghamia and Sequoia sempervirens in the Taxodineae; Taxus, 
Cephalotaxus, and Torreya in the Taxineae; and Prumnopitys and 
Saxegothea in the Podocarpineae. 

The character of the epidermal cells has not been fully described 
by most investigators, but there is every reason to regard it as 
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fixed. Such is undoubtedly the case with cycads; for example, 
Ptillophyllum hirsutum (29) from Marske is identical both with 
specimens from Whitby in the Sedgwick Museum, Cambridge, 
England, and with others collected by the writer from Navidale, 
Sutherland, Scotland. Since there is such specific constancy in the 
cycads, it is probable that the same holds true for the conifers, 
although too little work has been done on the latter to speak 
dogmatically. 

On the other hand, so far as uniformity within large groups is 
concerned, there seems to be less in the case of the conifers than in 
the cycads. ‘To illustrate: the Bennettitales group may be marked 
off from the Nillsoniales by the sinuous-walled epidermal cells of the 
former as contrasted with the straight walls of the latter; while 
within the Abietineae, sinuous walls have been observed only in 
some species of Abies and Keteleeria; in the Taxodineae, only 
Cunninghamia; in the Podocarpineae, Saxegothea and Podocar pus; 
and in the Araucarineae, Araucaria. Furthermore, this tendency 
toward diversity even within a single genus is much more marked 
among the conifers than among the cycads. Thus, Dictyosamites 
Johnstrupi Nath. (18) from Bornholm is substantially like D. 
Hawelli Seward (23) from Marske, and the three species of 
Ptillophyllum (P. hirsutum from Yorkshire and Sutherland, P. 
pecten from Yorkshire, and P. acutifolium from India) are very 
similar, both in the sinuous walls and in arrangement of stomata. 
Within the genus Araucaria, on the other hand, members of 
§ CoLyMBEA have the long axis of all the stomata parallel to 
the leaf margin, while in § Euracra there is no uniform angle; 
or even in § Euracta, A. Cunninghami has distinctly sinuous- 
walled epidermal cells, while in A. Cookii and A. elegans they 
are straight. <A similar state of affairs exists for the genus Podo- 
carpus, where within §$ Evpopocarpus, P. macrophylla and P. 
totara have sinuous walls, whereas in P. alpina and P. elatus they 
are straight. 

Another feature which seems to be fairly constant is the presence 
of characteristic thickenings of the cuticle, either on the accessory 
cells of the stomata or on those of the general epidermis. ‘These may 
constitute teeth projecting into the cavity of the stomatal opening, 
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as in Frenelopsis (30), or they may make a rim around the opening 
itself, as in species of Taxus, Juniperus, Thuja, Libocedrus, etc. 
In other cases, all the epidermal cells, at least in the vicinity of 
the stomata, may have peculiar knoblike projections of cuticle. 
These last seem to be diagnostic in their constancy; they are 
present in Taxus baccata, including vars. erecta, fastigiata, and 
variegata. 

As a last feature, we may refer to the shape and extent of the 
lignified lamellae of the guard cells. These have been found to be 
absolutely constant in the case of the cycads, and the investigations 
of the writer on the conifers indicate a considerable uniformity 
not only within the species, but even within the genus or family. 
Thus in all the members of the Araucarineae examined, the ventral 
thickenings are relatively larger and overlap the dorsal to a greater 
extent than in any other family. Unfortunately, however, the 
employment of this feature in examining fossil conifers is usually 
rendered impossible through imperfect preservation, although it 
has been found to be of considerable value for the cycads. 

From this discussion of the significant points in structure of 
the epidermis, two conclusions may be drawn. ‘The first is that 
the number and general distribution of stomata (upper or lower 
surface of leaf) is variable within the species, but that the character 
of the walls of the epidermal cells (uniformity of thickness, cuticular 
projections, straight or sinuous), arrangement of stomata (whether 
or not in rows, angle of long axis with reference to leaf margin), and 
extent of lignified lamellae of guard cells, are remarkably constant. 
The second relates to the phylogenetic value of these features and 
seems to indicate that it is small. For example, all leaves of the 
Taxites type, no matter to what family they belong, have long 
rows of stomata on each side of the midrib of the under surface 
of the leaf all with their long axes parallel to the margin. Similarly, 
leaves of the Thuyites type, as exemplified by Dacrydium, Arthro- 
taxis, Tetraclinus, Thuya, Juniperus, Cupressus, Libocedrus, etc., 
have the stomata scattered indiscriminately, usually avoiding the 
midrib, but with no sign of rows or constant angle. It seems 
obvious, accordingly, that the investigation of cuticles is of impor- 
tance to the systematic botanist engaged in accurate specific diag- 
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noses, but that it is of little interest to one concerned with the 
broader problem of the evolutionary history of the Coniferales. 


Palissya 
Among the numerous specimens of the genus Palissya sent 
' by the Director of the Indian Geological Survey to Professor 


SEWARD, there were but two with cuticle preserved. One of these, 
from the Umia group of Thrombow, is labeled Palissya sp.; the 
other, from the Jabalpur group, is called P. indica, Fstm., both 
being Jurassic. OLpHAM and Morris had previously described 
specimens of this character as Taxitis indicus, but FEISTMANTEL 
transferred them to the genus Palissya Endl., believing them to be 
very near to the European P. Brauni (9). The two specimens differ 
but slightly in external appearance, and the structure of the 
cuticle indicates that they are specifically identical. The general 
habit is shown in fig. 1, and it is evident that in the spirally arranged, 
linear, and decurrent leaves, they resemble closely typical specimens 
of Taxitis or Palissya. The only discrepancy is the absence of a 
midrib, a feature noticed also by FEISTMANTEL. A general view 
of the epidermis is given in fig. 9. Toward the left are represented 
the cells of the upper surface, angular in shape, with straight walls 
and no stomata; toward the right, those of the lower, showing the 
stomata scattered with no semblance of regularity, but with their 
long axes more or less parallel to the margin of the leaf (see also 
fig. 11). Details of a single stoma are shown in fig. 4. The acces- 
sory cells are usually 6 in number, though not rarely 4 or 5; the 
guard cells are deeply sunken and often lacking; occasionally, 
however, the thickenings persist. Sometimes, as in fig. 4, the 
dorsal lamellae remain, while the ventral at one or both ends 
disappear. Not infrequently there are a few stomata on the upper 
surfaces of the leaf, and on the stem itself there are usually a few, 
due probably to the decurrent nature of the leaf bases. In no case, 
however, is there the slightest indication of the central astomatic 
region which would normally cover a midrib. The fact that the 
midrib is indistinguishable either in gross specimens or in detached 
cuticles, suggests a doubt as to the propriety of referring these 
specimens to either Taxitis or Palissya. 


The former is always 
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described as “‘uninerva”’’ (see SCHIMPER 22, UNGER 32, etc.), and 
Tuomas (28) has pointed out that the stomata, at least in Tavitis 
samioides, occur in two bands, one on either side of the midrib. 
Palissya is also ‘“‘uninerva” in Endlicher’s original description; 
and in P. sphenolepsis (19) and P. Brauni (21), the stomata have 
the same distribution as in Taxitis. It seems clear, accordingly, 
that these Indian specimens do not conform to the Tavilis type, 
as represented either by the living Tsuga, Abies, Taxus, etc., or by 
the fossil Taxitis or Palissya. Among other existent forms the 
absence of parallel veins separates them from the Araucarineae 
and from the genus Podocarpus. A possible affiliation would 
be with Dacrydium or Arthrotaxis, but in both these genera, al- 
though there is no obvious midrib in gross specimens, preparations 
of the cuticle show a marked astomatic path running down the 
center of the lower surface of the leaf. By the process of elimina- 
tion, we are driven to the only other flat-leaved conifers, namely 
Cupressineae of the Relinospora type, such as are found in seedlings 
of Thuya or Juniperus. Here, also, the stomata are scattered 
irregularly, sometimes on the upper surface, sometimes on the 
lower, sometimes avoiding the midrib, but often disregarding its 
presence; furthermore, the leaves are not constricted at the base, 
and they are markedly decurrent. The only objection to referring 
them to that family is the spiral phyllotaxis, but when the diversity 
existing in nearly related forms, both living and fossil, is considered, 
it seems doubtful whether this point is of much importance. For 
example, the leaves of Podocarpus are spiral except § NAGEIA, 
where they are decussately opposite; again, in all the Araucarineae 
they are spiral except in the two fossil forms Thuyiles cretacea and 
Androvettia (14). The different types of phyllotaxis sometimes 
found in the same specimen add further evidence in the same direc- 
tion. Thus, the Retinos pora-like seedling leaves of Thuya and Juni- 
perus are occasionally arranged in a spiral fashion, which soon gives 
way to characteristic verticils. DDAGUILLON (7) has described an 
Abies seedling with whorled instead of spiral leaves, and MASTERS 
(17) one of Cephalotaxus with first a pair of opposite leaves and then 
a whorl of four. Moreover, although the foliage leaves of Micro- 
cachrys are decussately opposite, the sporophylls, both micro- 
sporangiate and megasporangiate, are in spirals. 
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From these considerations it seems evident that this so-called 
Palissya presents a type of leaf new to paleobotany, and to indicate 
its similarity to living forms, it may advantageously be called 
Retinosporitis indica. It should be emphasized, however, that 
this name is not intended to signify that it is necessarily closely 
related to Retinos pora, or indeed that it belongs to the Cupressineae 
at all; but merely that in external appearance and epidermal 
structures it.has certain features in common with that genus. 


Echinostrobus expansus 


The next specimen to be described has been referred by Frtst- 
MANTEL (8) to Echinostrobus expansus, with the statement that it 
is identical with Thuyitis expansus L. & H. (15). Fig. 2 shows the 
general decussately opposite disposition of the leaves; other figures 
are given by FEISTMANTEL (loc. cit. pl. goro); and fig. 6 shows the 
epidermis of a single detached leaflet. The dark crescent in the 
upper part may correspond to what was originally the free end of 
the leaf. Above it is a rim of fairly regularly arranged cells which 
is probably the ‘‘marginal depression’? mentioned by LINDLEY 
and Hutton, while the astomatic part to the left may have been 
overlapped by the leaf adjacent to it. The epidermal cells are 
exceedingly irregular in shape, though below the midrib they tend 
to become somewhat elongated. The stomata are scattered with- 
out definite order beyond the fact that there is an astomatic area 
down the center, and that they are more abundant near the margins, 
where they might have been partially shaded by the adjacent 
leaves. The accessory cells (fig. 5) are almost invariably 4 in 
number, beneath them is at least one intercalary layer, and then 
the guard cells, which have practically disappeared. The depth 
to which the stomata are sunk is probably correlated with their 
relative abundance and direct exposure to the sun’s rays, for in 
living conifers of similar habit they are often less deeply sunken, 
but are usually confined either to the under surface of dorsiventrally 
flattened shoots (for example, Thujopsis dolabrata), or to the depres- 
sions where one leaf overlaps another (for example, Libocedrus 
decurrens, Thuja gigantea, Frenella sp., etc.). 

The sytematic position of branches of this type has long been 
a disputed point. They were first referred by LinpLEY and 
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Hutton (15) to Thuyitis because of the verticillate arrangement of 
the leaves. SCHIMPER (22) then transferred them to STERNBERG’S 
taxodineous genus Echinostrobus, where the leaves are sometimes 
spiral and sometimes whorled. SAporta (20), however, pointed 
out the inadvisability of this step and put them back into the 
Cupressineae, this time as Palaeocyparis expansa. SEWARD (24) 
refers to the difficulty of distinguishing between the whorled leaves 
of Thuyitis and the spiral ones of Brachyphyllum, and suggests (23) 
that, at least so far as the specimens of LinpLEY and HuTTon are 
concerned, the two genera are identical. The structure of the 
cuticle is not without bearing on this question, for in the species 
of the latter which have been examined—B. macrocarpum NEw- 
BURY (14), B. Miinsteri, and B. affine (21)—the stomata are in 
long rows alternating with strands of sclerenchyma. This condi- 
tion, of course, is entirely different from that of Thuyitis expansus, 
though it is singularly like 7. Schlonbachi SCHENK (21) and the 
living podocarpineous genus Microcachrys. For a parallel, we are 
driven to the Taxodineae (Arthrotaxis) or the Cupressineae (Thuja, 
etc.), and though, as suggested above in the case of Palissya, 
phyllotaxy is not an invariable test for affinities, still in view of 
the fact that, as a whole, the leaves of the Taxodineae are in spirals 
and those of the Cupressineae in whorls, it would seem to be 
advisable to retain the original name, and, at least until an examina- 
tion of their internal structure settles the question of affinities, to 
continue to call shoots of this type Thuyitis expansus. 


Taxitis tenerrimus 

The next specimen to be described has been referred by FEtst- 
MANTEL (10) to Taxitis tenerrimus, and the spiral arrangement of 
the linear, uninerved, and decurrent leaves, shown in fig. 3, indi- 
cates the correctness of this identification. The cuticle of the 
upper surface is entirely devoid of stomata; that of the lower is 
represented in fig. 8. The epidermal cells are irregular in shape, 
with a slight tendency to become elongated’ below the midrib. 
The stomata are scattered without definite arrangement, but the 
indifferent state of preservation prevents any detailed description. 
In general, however, there are 4-6 accessory cells, and the opening 
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is parallel to the leaf margin. This distribution is quite unlike 
that of Taxitis samioides (28), where there are two narrow rows of 
stomata, one each side of the midrib, and warrants at least a specific 
distinction. As to its affinities, it is impossible to go farther than 
to state that it is totally unlike Taxus or any other living member of 
the Taxineae. 

Podozamites lanceolatus 

The last specimen to be described was referred by FEISTMANTEL 
to Podosamites lanceolatus (11). Isolated leaves were found fairly 
commonly in the Jabalpur group of South Rewah (Jurassic), but 
there were none attached to the rachis. Various specimens showing 
the characteristic shape are represented in figs. 2-5. pl. 1 (loc. cit.), 
and their resemblance to the type specimen of LINDLEY and HutTToON 
is obvious. There is no difference between the epidermis of the 
upper and lower surfaces; these cells (fig. 10) are all straight- 
walled, more or less elongated over the veins, while the stomata are 
confined to the area between the veins, with their long axes parallel 
to the margin of the leaf. The structure of a single stoma is shown 
in fig. 7. There are usually 6 accessory cells, rarely 4 or 5. The 
character of the guard cells is unfortunately difficult to determine, 
but there seems to be a double rim of cuticle around the opening. 
This appearance is constant in the best preserved specimens, but 
its interpretation is doubtful. Probably there was at least one 
row of cells intercalated between the accessory cells and the guard 
cells, and the rims referred to may represent cuticular projections 
on these intercalary cells, such as are characteristic of certain 
living conifers and cycads. The lignified lamellae of the guard 
cells have invariably disappeared. 

The resemblance of the cuticle of this Indian specimen to that 
of Zamites distans Prestl., as described by SCHENK (21), is very close; 
both have straight-walled epidermal cells with stomata between the 
veins. In the latter, however, there are no stomata on the upper 
surface. The difference between Podosamites and Zamites is 
rather obscure, BRONGNIART including the former as a subsection 
of the latter. The cuticles, however, show them to be entirely 
distinct, for Zamites (29) has all the bennettitalean characters, 
sinuous-walled cells and long axis of stomata at right angles to 
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leaf margin; while if the affinities of Podosamites are cycadean at all, 
they are with the Nillsoniales. It seems entirely probable, however, 
that they are coniferous. SEWARD (23) has stated the pros and 
cons of the situation, and in view of the spiral phyllotaxis and bud 
scales at the base of the petiole reaches that conclusion. SCHENK 
(21), on the other hand, compares these scales to those found in the 
living Cycas, and argues that Podozamites cannot be related to the 
conifers as exemplified by Dammara orientalis for three reasons: 
(1) the leaves are not opposite; (2) the vascular tissue in the petiole 
is not like that of Dammara; and (3) the epidermal structure is 
different. The first reason may hold for Zamites distans and 
Dammara orientalis, but it does not hold for Zamites lanceolatus, 
for the original description of this species by LINDLEY and Hurron 
(15) states that the pinnae are “‘sometimes opposite and sometimes 
alternate”’; nor does it hold for other species of Dammara, where the 
leaves are spiral. The second reason seems equally questionable, 
for of the two vascular strands figured by SCHENK, one shows pro- 
toxylem rings and the other has the crowded hexagonal pitting 
characteristic of both cycads and araucarians. As regards the third 
reason, the difference in epidermal structure is slight; in both 
Podozamites and Dammara the stomata are in rows between the 
veins, but in the former the long axis is parallel to the edge of the 
leaf, while in the latter it is at right angles. The resemblance to 
Araucaria § CoLyMBEA, however, seems to be very close. The 
phyllotaxis is the same, and both have rows of stomata with their 
long axes parallel to the leaf margin. Another possibility is pre- 
sented by § NaGeEra of the genus Podocarpus. It is not suggested 
that Podozamites can be identified specifically with any living 
conifer; for example, the sinuous walls of P. Nageia and A. bra- 
siliana bar them out, as do the heavily pitted epidermal cells of 
A. imbricata and A. Bidwillii; but it does seem fairly clear that 
Podozamites is nearer to the conifers than to the cyc ads. 


Summary and conclusions 


1. A comparative study of living and fossil conifers indicates 
that epidermal structures are of great value for accurate specific 
diagnoses, but of relatively little importance for indicating affinities. 
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2. On account of the character of its cuticle, the so-called 
Palissya indica of FEISTMANTEL cannot properly be referred to that 
or any other fossil genus; and to point out its resemblance to the 
living Relinospora, it is suggested that it be called Retinosporitis 
indica. 

3. Echinostrobus expansus closely resembles many living mem- 
bers of the Cupressineae, both in epidermis and in phyllotaxy; 
accordingly it would seem better to retain the old name of LINDLEY 
and Hutton, Thuyitis expansus. 

4. Taxilis tenerrimus has a type of cuticle common to many 
extant conifers, and its affinities cannot be decided. 

5. The epidermal structure of Podozamites lanceolatus consti- 
tutes another reason for referring that genus to the conifers rather 
than to the cycads. 


In conclusion, I wish to thank Professor SEWARD for this oppor- 
tunity to study the fossil conifers sent by the Director of the 
Indian Geological Survey, and to compare them with the living 
ones in the collections at the Botany School, and for valuable 
suggestions in regard to this work. 
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EXPLANATION OF PLATE XI 

Fic. 1.—Palissya indica: showing general habit; linear leaves, with 
decurrent bases, in spiral phyllotaxis. 

Fic. 2.—Echinostrobus expansus: showing general habit; small, closely 
imbricated, decussately opposite leaves. 

Fic. 3.—Tavxilis tenerrimus: showing general habit; linear leaves, with 
decurrent bases, in spiral phyllotaxis, with distinct midrib. 

Fic. 4.—Palissya indica: single stoma, showing 6 accessory cells, and 
thickened lamellae of guard cells. 

Fic. 5.—Echinostrobus expansus: single stoma showing 4 accessory cells. 

Fic. 6.—Same: cuticle of single leaf, showing irregular shape of epidermal 
cells and scattered stomata. 

Fic. 7.—Podozamites lanceolatus: single stoma, showing 6 accessory cells, 
and cuticular rims, probably on intercalary cells. 

Fic. 8.—Tavitis tenerrimus; epidermis of lower surface, showing stomata 
scattered on each side of the midrib. 

Fic. 9.—Palissya indica: cuticle from leaf; toward the left is the upper 
surface; toward the right, the lower. 

Fic. 10.—Podozamites lanceolatus: cuticle showing rows of stomata, 
with their long axes parallel to the side of the leaf. 

Fic. 11.—Palissya indica: cuticle of lower surface, showing irregular 
disposition of stomata and shape of epidermal cells. 
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THE DETERMINATION OF ADDITIVE EFFECTS 
W. J. V. OSTERHOUT 
(WITH FOUR FIGURES) 


It was pointed out in previous papers‘ that in measuring antag- 
onism it is of importance to determine the additive effect; this is 
the effect produced by dissolved substances in a mixture when each 
substance acts independently of all the others. It was also stated 
that when two equally toxic solutions are mixed the additive effect 
may be predicted, since it will be equal to that of one of the pure 
solutions. In this discussion it was assumed that if two solutions 
are equally toxic they will not become unequally toxic when both 
are diluted to the same degree. This is true (either completely 
or with negligible error only) for cases which have hitherto come 
under the writer’s observation, but other cases might possibly 
occur to which it would not apply, and it seems desirable to 
discuss briefly the treatment of such cases. 

As an example of this we may consider the influence of dilution 
on the effects of two solutions, A and B. These may be mixtures, 
but for the sake of simplicity we may assume that they are pure 
solutions of two salts, A and B, and that 100 cc. of solution A, or of 
solution B, diluted to 200 cc. will permit the same amount of growth 
to take place, as shown in fig. 1. In this figure the abscissas 
represent growth, while the ordinates represent the number of cc. 
which are taken and diluted to make 200 cc. of the culture solution. 
Thus on the curve A, A, the abscissa at 60 represents the growth in 
a culture solution made by taking 60 cc. of solution A and adding 
water to make 200 cc. Similarly on the curve B, B, the abscissa 
at 40 represents the growth in a culture solution made by taking 
4o cc. of solution B and adding water to make 200 cc. 

Ordinarily we should expect these curves to be almost or quite 
identical, but we may imagine cases in which they diverge, as shown 
in fig. 1. It is apparent from the figure that while roo cc. of either 
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solution (diluted to 200 cc.) produces exactly the same effect, §o cc. 

of solution A (diluted to 200 cc.) produces a different effect from 
50 cc. of B (diluted to 200 cc.). 

Let us now consider an antagonism curve obtained by growing 

plants in a culture solution made by mixing the two solutions, A 

and B, so as to make toocc. of mixture, 

C.c. which is then diluted to 200 cc. 

The result of growing plants in such mix- 

tures may be expressed by a curve, as shown 

in fig. 2. In this figure the ordinates repre- 


150- sent growth, while the abscissas represent 
the number of cc. of solution A, or of 
solution B, taken (and diluted to 200 cc.) 
to make up the culture solution. Thus, 
A 60, B 40 means that 60 cc. of solution A 

100+ was mixed with gocc. of solution B and 

sufficient water added 
to make 200 cc. 

To measure the 
amount of antago- 
nism at any point on 

50- 


this curve according 


30 60 M.M. 


Fic. 1.—Curves showing growth in various dilutions of two solutions of salts, 
and B: the abscissas represent growth; the ordinates represent the number of cc. of 
the salt solution which are mixed with water to form 200 cc. of the culture solution in 
which the plants were grown; the two salt solutions are equally toxic at certain con- 
centrations but not at others; the curve C is drawn by taking points half-way between 
A and B (measured vertically); it serves as a basis of comparison in computing 
additive effects. 


to the method outlined in previous papers,? we must first 
determine the additive effect. To ascertain this at any point, 
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as for example at A 60, B 40, in fig. 2, we must answer the ques- 
tion: What is the effect of 60 cc. of A+ 40 cc. of B+ 100 cc. of water, 
when each salt acts independently of the other? It is obvious that 


-60 M.M. 


40 


ol— 


$189 


Fic. 2.—Antagonism curve showing growth in 
various mixtures of solutions of the two salts, A 
and B, the dilution curves of which are shown in 
fig. 1: the ordinates represent growth; the abscissas 
represent the number of cc. of the salt solutions 
which are mixed with water to make 200 cc. of the 
culture solution in which the plants were grown; 
thus A 75, B 25 signifies that 75 cc. of solution A 
were added to 25 cc. of solution B, the whole 
being then diluted to form 200 cc.; the additive 
effect (calculated by the method explained in the 
text) is shown as an unbroken line; the additive 
effect which would be obtained if the two dilution 
curves in fig. 1 did not diverge is shown as a hori- 
zontal dotted line; the antagonism at the point C 
is CD+DE. 


we cannot answer this by 
merely adding together 
the abscissas at these 
points on the curves? in 
fig. 1. Since this cannot 
be done, it might be 
thought feasible to ex- 
press the effect of A in 
terms of B, or vice versa. 
If the curves A, A, and 
B, B, in fig. 1 were iden- 
tical, this would be very 
simple, since the additive 
effect of (60 A+ 4o B) 
would equal the additive 
effect of (60 A+ 40 A) or 
the effect of 100 A, which 
is shown by the curve to 
be 11. Proceeding in 
this way, we should find 
the additive effect at any 
point on the antagonism 
curve to be exactly the 
same (that is, 11), and 
the additive effect could 
therefore be represented 
by a straight horizontal 
line, as is done in fig. 2 
(dotted line). 


But when the curves diverge, as in fig. 1, we cannot consider 
the effect of 40 B as equal to that of 40 A; we see by inspection 


3 This is evident, for example, from the fact that the abscissa at 50 on curve AA 
is not equal to exactly twice the abscissa at 100 on curve AA; the abscissa at 30 is not 


equal to exactly twice the abscissa at 60, etc. 
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of the figure that the growth in 40 A is 47, while that in 4o B is 
28.5 (this is equivalent to the growth in 71 A). The additive 
effect of (60 A+ 40 B) is therefore equal to the effect of (60+71=) 
131 A, which gives (as read from the curve in fig. 1) the additive 
effect 6. 

If we calculate the additive effect of the same mixture in terms 
of B, we find that the effect of 60 A is 39, which is equal to the effect 
of 24 B. Hence the additive effect of (40 B+60 A) equals the 
effect of (40 B+24 B=) 64 B, which gives as the additive effect 
19.5. 

TABLE I 


ADDITIVE EFFECT WHEN THE EFFECT OF M=THE 
EFFECT OF 2.NV 


Mixture which is diluted to 200 cc. to make 


the culture solution Additive effect 


3.3 

5-0 


We have in this case, therefore, two values for the additive 
effect, namely 6 and 19.5. One is undoubtedly too high, the other 
too low. Instead of taking the mean (or the weighted mean) of 
these two values, it seems desirable to avoid this complication 
altogether by calculating A and B in terms of a third curve, C. 
This may be obtained by taking points midway between the two 
curves A and B (the distance being measured vertically) and 
drawing a line through them, giving the dotted line C. The curve 
C could be drawn in any convenient manner (it might, for example, 
be a parabola or a hyperbola), but it should have two points in com- 
mon with each of the other curves. This might be arranged by 
multiplying or dividing the ordinates or abscissas so as to make 
these curves coincide at the origin and at the half-way point with 
the arbitrary standard curve. 
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By this method we find that the effect of 60 A is equal to the 
effect of 42 C, while the effect of 40 B is equal to the effect of 56 C. 
The additive effect of (60 4+ 40 B) is therefore equal to the addi- 
tive effect of (42 C+56 C=) 98C, which is seen from the figure 
to be 11.5. 

The values of the additive effect thus obtained are plotted in 
fig. 2. It will be seen that these values do not differ greatly from 

6x0. the value of an additive effect which is con- 

| stant (and equal to the effect of 100 A or 

150 100 B). Unless, therefore, the two dilution 

curves (as plotted in fig. 1) diverge widely, 

\ there will be no great error in regarding the 

\ additive effect as constant (and equal to the 

\ effect of 100 A or 100 B); this error will in 

\ fact ordinarily be less than the experi- 
\ mental error. 


\ In case there are several salt solu- 
\ tions to be mixed, we may draw the 
\ corresponding dilution curves and 
\ average the ordinates 

M i of these curves at 
various elevations to 

obtain points through 


Oo 10 30 50 70M.M. 


Fic. 3.—Curves showing growth in various dilutions of two unequally toxic 
solutions of salts, 1 and NV: the abscissas represent growth; the ordinates represent 
the number of cc. of the salt solution which are taken and diluted to 200 cc. to make 
the culture solution in which the plants are grown. 


which a curve may be drawn which shall serve the same purpose 
as the curve C in fig. 1; or an arbitrary curve (for example, a parab- 
ola or hyperbola) may be drawn for this purpose. 

When the two salt solutions are not equally toxic, we often 
find cases in which a constant relation exists between the amounts 
of the two solutions which (diluted to 200 cc.) produce the same 


=, 
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For example, it will be seen in fig. 3 that a growth of 


20 mm. may be found at 30 M or 60 V; ora growth of 15 mm. may 


be found at 40 M or 80..N. 


If this relation holds throughout (even 


approximately), we may consider the effect of M as equal to the 


effect of 2 N. 


we shall get an additive effect which is not con- 
stant but which will always be the same for any 
given mixture, whether calculated as M or as NV. 
The additive effect obtained under these 
conditions is shown as a curved and dotted 

line in fig. 4 (cf. table I). 
as will readily be seen, is the same as 
determining the additive effect of MW 
mixed with another solution of M/ 


which has been diluted 
to a definite degree with 
water (each roo cc. of 
the mixture of 
diluted] being itself di- 
luted to 200 cc.). This 
fact the method 
suggested in a previous 


is in 


paper.# 
A relation such that 
M=the 


will be 


the effect of 
effect of XV 
found to hold (at least 
approximately) in most 
cases. If it does not 


the additive effect may 


If we grow plants in culture solu- 
tions made by taking sufficient of M+. to make 
100 cc. (and then diluting this mixture to 209 cc.), 


/ | 40 


This procedure, 


20 


50 0 
38 5 5 100 
Fic. 4.—Antagonism curve showing growth in 
various mixtures of two solutions of salts, / and JV, 


N 100 
M O 


of which the dilution curves are shown in fig. 3: the 
ordinates represent growth; the abscissas represent 
the number of cc. of the solutions of salts which 
are taken and diluted to 200 cc. to make the culture 
solution in which the plants were grown; thus .V 75, 
M 25 signifies that 75 cc. of N were added to 25 cc. 
of 7 and the whole diluted to 200 cc.; the additive 
effect is shown by the curved dotted line; the 
antagonism at the point O is OP+PR. 


be calculated in terms of a third curve drawn arbitrarily or by 


taking points midway between the two (measured vertically), as 


previously explained. 


+ Bor. Gaz. 58:178. 1914. 
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When the solution contains more than two components, we 
may follow a method similar to that already outlined for equally 
toxic solutions containing more than two components. 

In most cases the calculations described above may be dis- 
pensed with, as the error (if any) in proceeding by the method 
described in the two preceding papers is so small as to be negligible. 
Calculations such as are here discussed will be necessary only in 
those cases in which equally toxic solutions acquire, when diluted 
to the same degree, a very marked difference in toxicity, or in cases 
where a mixture is made of unequally toxic solutions which have 
dilution curves of very dissimilar character. 


Summary 
In most cases two solutions which are equally toxic remain so 
(at least approximately) when both are diluted to the same 
degree; this allows the additive effect to be easily determined. 
But in exceptional cases, where this does not hold, a value may be 
assigned to the additive effect. 
Similar considerations apply to unequally toxic solutions. 


LABORATORY OF PLANT PHYSIOLOGY 
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BRIEFER ARTICLES 


TISSUE TENSION IN AMORPHOPHALLUS 
(WITH ONE FIGURE) 

Large monocotyledonous plants which do not develop woody 
mechanical tissue afford excellent opportunity to demonstrate the ten- 
sion to which cortical and central tissues are subjected. The combined 
result of the stretching of the cortex and the compression of the central 
tissues is the rigidity of the organ. 


Fic. 1.—Leaf of Amor phophallus campanulatus 


Such a plant in the Philippine Islands is Amorphophallus campanu- 
latus (Roxb.) Blume (Araceae). The decompound blade may often be 
more than a meter above the ground and occasionally spreads out over 
an area 1.5~-2 meters in diameter. The stemlike petiole, which is often 
ro cm. in thickness, is the part utilized in studying tissue tension. 

Two sets of experiments were performed. In the first set, medium 
sized petioles were collected in the middle of a hot day, when the plant 
was partly flaccid, brought into the laboratory, and there experimented 
upon during the following hour. In each case a piece 30 cm. in length 
and as nearly uniform in thickness as possible was selected from the 
petiole. A strip of the cortex, 1 cm. wide, was taken from one side of 


235) [Botanical Gazette, vol. 60 


\ my “he 
j 
4 


230 BOTANICAL GAZETTE [SEPTEMBER 


the petiole and laid on a table. The rest of the cortex was peeled off 
and the core laid next to the strip. When the elongation of the core 
and the contraction of the strip had ceased, both were measured and the 
results assembled. For the second set of experiments, petioles were col- 
lected in the early morning and soaked for about 40 minutes in tap water 
to make sure that they were turgid. In the experiment three lengths 
were employed: 20, 25, and 30 cm., with each following the same 
methods as above. The results of both sets, summarized in tabular form, 
are shown in the accompanying table. 


TABLE I 


TABLE OF TISSUE TENSION IN Amor phophallus 


or | PERCENTAGE PERCENTAGE 
| INCREASE IN DECREASE IN 
Original Core Strip | CORE STRIP 
| Petioles partly flaccid 
30.0 42°60 29.4 5.3 percent 2.0percent 
Petioles turgid 
24.7 26.8 24.5 | 8.4 0.8 
30.0 3225 29.7 | 8.3 
Average of turgid petioles ........... | 8.4 0.9 


As shown in the table, the core is capable of greater elongation when 
turgid, but the cortex will contract more when flaccid. The possibility 
of change in length in the core is greater than in the cortex because the 
former is more vascular. In the petiole, in nature, under turgid condi- 
tions, the sum of the possibilities of change in length of the tension- 
producing elements is greater than when the organ is flaccid, consequently 
greater tissue tension is present under turgid conditions.—FRANk C 
Gates, Los Banos, PJ. 
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CURRENT LITERATURE 


BOOK REVIEWS 


A montane rain-forest 


As a result of several visits to Jamaica, affording in all about 11 months’ 
residence upon the island, SHREVE! has contributed a study of a tropical 
rain-forest that is particularly valuable, since it represents practically the first 
attempt to determine quantitatively the factors concerned in the production 
of such vegetation. The forest investigated covers the Blue Mountains above 
an altitude of 1372 meters. This ridge, having an altitude of 1500-2265 
meters, runs lengthwise of the island and, therefore, is nearly at right angles 
to the direction of the trade winds. The northern or windward side is fog- 
covered for 7o per cent of daylight hours during 9 months of the year and for 
30 per cent of daylight hours during the remaining months, while the rainfall 
approximates 425 cm. annually. The southern slope is drier, with less than 
half the amount of fog, and with an annual precipitation of about 265 cm. A 
further indication of the humidity is to be found in the evaporation measure- 
ments upon the leeward slope, giving maximum and minimum daily average 
losses of 17.9 cc. and 1.8 ec. (compared with approximately 45 cc. and ro ce. 
respectively for the Chicago region) as shown by the standard atmometer placed 
in the open, with half of these amounts for the forests of the ravines. These 
low amounts seem to be four or five times as great as for corresponding situa- 
tions upon the more humid northern slopes. 

Temperature has an annual range of 23° C., with the monthly mean from 
15. to 17, C., the maximum seldom exceeding 22° C. or the minimum 7° C., 
while frosts are unknown. Detailed temperature and humidity data for 
limited periods, as well as soil temperature records, are given. 

The mountain soil is very subject to erosion, and this instability may 
account, in part, for the absence of large trees; still, the forest is very con- 
tinuous, reaching its best development, however, in ravines, where trees 20 
meters in height are seen, with trunks 80 cm. in diameter in such species as 
Solanum punctulatum and Gilibertia arborea. There seems to be no great 
complexity of floristic composition, the forest resembling in this respect temper- 
ate forests rather than those of tropical lowlands. This is indicated by the 
fact that Clethra occidentalis, Vaccinium meridionale, and Podocar pus Urbanii 
form about 50 per cent of the stand, and that an additional 35 per cent is made 


' SHREVE, Forrest, A montane rain-forest. A contribution to the physiological 
plant geography of Jamaica. Washington. S8vo. pp. 110. pis. 29. figs. 18. Carnegie 
Institution of Washington. Publication 199. 1914. S1 
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up of ro other species. ‘The comparatively small number of lianas, the paucity 
of floral display, the slow rate of growth, and the absence of plank buttresses 
and cauliflora, all show rather unexpected variations from the rain-forests of 
other lands. Epiphytes are abundant, however, but limited to comparatively 
few species of bromeliads and orchids, a profusion of the Hymenophyllaceae, 
and a great bulk of mosses and hepatics. 


The richer forests of the windward ravines show a distinct stratification 
of vegetation, passing from the more or less continuous canopy of large trees, 
through under-trees and shrubs, to the herbaceous carpet, the lower levels being 
festooned with mosses (species of Phyllogonium and Meteorium), while the 
larger limbs and leaning trunks are crowded with orchids and ferns. Among 
the notable genera, represented by several species each, are tree ferns (Cyathea) 
found among the under-trees, Piper occurring among the shrubs, and the 
herbaceous species of Peperomia and Pilea. Upon the slopes the trees are 
smaller, the stratification is less marked, and epiphytes are less abundant, 
changes that are more accentuated upon the ridges, where a low open canopy 
results. Here thickets of ferns and of climbing bamboo (Chusquea abietifolia) 
arecommon. The distinct type of forest occupying the various habitats are all 
carefully described, and SHREVE concludes that by no possible physiographic 
change could any one of these habitats occupy all or nearly all the region; 
hence there is no means to fix on any one of the types as the climax of the region. 

The great uniformity of temperature, with no pronounced dry season, 
affords excellent opportunities for studying the seasonal behavior of the various 
species. It is quite interesting, therefore, to note that although the months 
from October to January have a maximum rainfall it is a season of relative rest, 
during which a few tree species, such as those belonging to Rhamnus, Clethra, 
and Viburnum, allied to north temperate forms, shed all or a part of their leaves, 
while others make little growth. This may be accounted for by the compara- 
tive lack of sunlight. Other trees, while evergreen, flower in the spring and 
complete their growth by October; but in still others, growth and leaf forma- 
tion is continuous, but flowering periodical, while not a few show continuous 
growth and blooming. Among the large trees belonging to the last category 
are Ilex montana and Solanum punctulatum, while under-trees and shrubs 
include species of Piper, Boemeria, Malvaviscus, and Datura. Quite as interest- 
ing is the behavior of introduced species, Quercus robur and Liquidambar 
Styraciflua becoming evergreen, while Liriodendron Tulipifera and Taxodium 
distichum retain their deciduous habits. 

Rates of relative transpiration in the rain-forest and in the desert of 
Arizona are found to be of the same order of magnitude, that is, they are 
proportional to evaporation, but in its own climate the desert plant loses far 
more water per unit area than the plant of the rain-forest. The foliage of the 
rain-forest, however, shows great diversity of structure, corresponding to 
the different strata of vegetation, from sclerophyllous leaves of the trees, the 
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coriaceous succulent leaves of the epiphytes, and the mesophytic shade leaves 
of the herbaceous plants, to filmy ferns with leaves composed of a single layer 
of cells. The effect of rainfall upon the foliage is reported elsewhere? and it 
is seen that, with a single exception, all adult leaves are wettable. In spite 
of this, aside from the Gramineae and Cyperaceae, only four seed plants and 
twoferns have functioning hydathodes, and dripping points are neither abundant 
nor conspicuous. Injected leaves were seen only once, and that after five days 
of violent rains, when those with as well as those without hydathodes alike 
recovered, showing no evidence of injury. The wettable leaf surface reduces 
the water intake from the shoot, but does not reduce the temperature to an 
extent sufficient materially to affect transpiration. Epiphyllous plants are 
common in the ravines, and in other situations of maximum humidity. They 
are favored by the wet leaf surfaces, nor do the dripping points, when devel- 
oped, so greatly promote drying ‘as to reduce the probability of the leaves 
being thus overgrown. The epiphyllae are mostly Hepaticae of the genus 
Lejunea. 

Most of the conclusions arrived at in these two publications are the result 
of experiment, and are supported by qualitative data, thus marking a new era 
in the investigation of tropical vegetation, and necessitating a readjustment of 
many generalizations resting upon less definite evidence. Taken together, 
they form one of the most notable of recent contributions to our knowledge of 
rain-forest phenomena. 

The importance of the Cinchona Botanical Station, the headquarters from 
which these investigations were carried on, has been emphasized quite recently 
by Jounson, who draws attention to its many advantages for the student 
who would become familiar with a great variety of tropical conditions or who 
would undertake the solution of some of the many ecological and physiological 
problems of tropical vegetation. Situated upon the slopes of the Blue Moun- 
tains at an altitude of about 1500 meters, it has a climate agreeable to workers 
from temperate zones, a supply of pure water, freedom from tropical diseases, 
and yet from it as a center easy access may be had both to the higher parts of 
the forest-covered mountains, now reserved by the government of the island as 
a watershed, and to the more torrid plains below. It has an equipment of 
residence, laboratories, and greenhouses capable of affording accommodations 
jor eight or ten workers, and gardens and grounds planted with species from 
other tropical and temperate lands. In addition, two botanical gardens situ- 
ated in the lowlands can be used as substations of the main laboratory. One 
at Castleton has an altitude of 150 meters and a rainfall of 355 cm., while the 
other at Hope at a similar altitude has less than half as much precipitation. 

2? SHREVE, Forrest, The direct effects of rainfall on hygrophilous vegetation. 
Jour. Ecol. 2:82-98. 1914. 

’ Jounson, D. S., The Cinchona Botanical Station. Pop. Sci. Monthly 85:512- 
330. 1914; 86:33-48. 1915. 
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Not less important than the natural advantages of the Station in climate 
and vegetation is its accessibility, and the fact that it is located in an English- 
speaking country with a stable government and reliable sanitary control. For 
the past ten years it has been a station of the New York Botanical Garden, but 
it is now to be maintained under the auspices of the British Association for the 
Advancement of Science with the cooperation of the Jamaican government.— 
Geo. D. FULLER. 

NOTES FOR STUDENTS 

Cultures of the Uredineae.—In the review covering the cultural work with 
the Uredineae for 1912,4 the following results of TREBOUX and of LONG should 
have been included. TREBOUXS in two papers from Nowotscherkask, reports 
the following cultures. Teleutospores of Uromyces Festucae Syd. from Festuca 
ovina L. produced aecidia on Ranunculus illyricus L. (The reverse culture 
has previously been reported.)® Aecidiospores from Allium decipiens Fisch., 
A. moschatum L., A. rotundum L., and A. sphaerocephalum L. produced uredo- 
spores and teleutospores (Puccinia permixta Syd.) on Diplachne serotina Lk. 
The reverse infection on 3 of these and 13 other species of A//ium was success- 
ful also. Teleutospores of Puccinia stipina Tranzsch. from Stipa capillata L. 
infected 5 native species of Su/via and 15 others grown from seed, and also 
Origanum vulgare L., Lamium amplexicaule L., Glechoma hederacea L., Lal- 
lemantia iberica F. et M., Leonurus cardiaca L., and Stachys recta L. This rust 
shows very little selection among the Labiatae. Puccinia littoralis Rostr. 
from Juncus Gerardi Lois. produced aecidia on Cichorium Intybus L. (the reverse 
culture has been previously reported). Aecidiospores of Puccinia Polygoni- 
amphibii Pers. from Geranium collinum Steph. infected Polygonum amphibium 
L. but not P. lapathifolium L. The reverse infection was successful on Geranium 
collinum L., G. pratense L., G. divaricatum Ehrh., G. columbinum L., and G. 
rotundifolium L. Aecidiospores of the autoecious form P. ambigua Alb. et 
Schw on Galium aparine L. produced successive generations of aecidia when 
sown on that host. Aecidiospores of Puccinia Agropyri Ell. et Ev. from 
Clematis pseudo-flammula Schmalh. infected AAgropyrum repens P.B. The 
uredospores from this culture infected Agropyrum cristatum Bess. and -1. 
prostratum Eichw. <Aecidiospores of Puccinia bromina Erikss. from Litho- 
spermum arvense L. infected Bromus tectorum L.and B. squarrosus L. Similarly 
aecidiospores from Myosotis silvatica Hofim. infected B. tectorum. The two 
aecidia belong to the same rust. Aecidiospores and uredospores of Uromyces 
Limonii (DC.) from Statice latifolia Sm. infected Statice Gmelini Willd. also. 
Aecidiospores of an unnamed species of Puccinia from Centaurea trichoce phala 


4 Bot. GAz. 56: 233-239. 1913. 


5 TrEBouX, O., Infektionsversuche mit parasitischen Pilzen II]. Ann. Mycol. 
10: 303-300. 1912; and idem III. 557-563. 1912. 


6 Rev. Bot. GAz. 56: 239. 1913. 
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M.B. produced uredospores and teleutospores on Curex slenophylla Wahlenb. 
Aecidiospores from Euphorbia virgata W.K. infected Caragana arborescens L., 
Trifolium agrarium L., and Lotus corniculatus L., but none of the species 
usually inhabited by LU’. Genistae-tinctoriae Pers. This result seems to indicate 
that the species of Uromyces on Caragana is a biological form distinct from 
U. Genistae-tinctoriae. With aecidiospores from the same host from another 
locality, Medicago minima Bart., M. murex Willd., and Trifolium arvense L. 
were infected. This form proved to be Uromyces striatus Schroeter. A third 
form with its aecidia likewise on Euphorbia virgata produced uredospores and 
teleutospores (Uromyces Astragali Opiz.) on Astragalus criticus Lam. and A. 
sanguinolentus M.B.  Aecidiospores of Uromyces caryophyllinus (Schrank) 
Wint. from Euphorbia Gerardiana Jacq. infected Dianthus arenarius L., D. 
campestris M.B., D. capitatus DC., D. caryophyllus, and D. pseudomeria M.B. 
Aecidiospores from other plants of Euphorbia Gerardiana produced an abun- 
dance of uredospores and teleutospores of Uromyces Schroeteri De Toni on 
Silene otites Sm. Sowings of aecidiospores (Puccimia coronifera Kleb.) from 
Rhamnus cathartica L. and reverse cultures and cross-sowing of the aecidio- 
spores thus derived seem to show that the specialization of forms in this 
species of crown rust is not so well marked as former experiments appeared to 
indicate. 

LonG’s’ experiments dealt with three species of rusts on members of the 
genus Andropogon. He reports the following successful cultures. Teleuto- 
spores of the type of Puccinia Andropogonis Schw. from Andropogon furcatus 
Muhl. collected in Texas produced aecidia on Oxalis corniculata L. Teleuto- 
spores of Puccinia Ellisiana Thiim. from Andropogon virginicus L. collected in 
Virginia produced aecidia on Viola fimbriatula Sw., V. hirsutula Brainard, and 
V. pupilionacea Pursh. Viola sagittata L., which was not infected, had been 
successfully infected in a former experiment. Aecidiospores from V. sagittata 
and V. pupilionacea reinfected Andropogon virginicus. In 1910 the author had 
sent material of this same type and from the same locality to ARTHUR, who 
made successful sowings of teleutospores on Penstemon. These two results 
seem to indicate that two forms of Puccinia occur on Andropogon virginicus. 
Finally, teleutospores of Uromyces Andropogonis Tracy from Andropogon 
virginicus L. collected in Virginia infected Viola primulifolia L. and V. cucullata 
Ait. but none of the other violets. Aecidiospores from V. primulifolia rein- 
fected Andropogon virginicus. In conclusion, the author points out the close 
similarity between Puccinia Ellisiana and Uromyces Andropogonis, which 
differ from each other only in the number of cells of the teleutospore. 

During 1913 no very extensive series of cultures has been reported, but 
small additions to our knowledge of the biological relations of hitherto isolated 
forms come from many sources and include studies in several genera. In this 


7 Lone, W. H., Notes on three species of rusts on Andropogon. Phytopathology 
2°204-171. 1912. 
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connection the past work of Fraser‘ on the fern rusts has been of special inter- 
est. This author now reports? a further series of cultures supplementing and 
confirming former work which was not regarded by him as entirely conclusive. 
The work was done at Pictou, Nova Scotia. Successful infections on Abies 
balsamea (L.) Mill. were made with teleutospores of Uredinopsis Struthiopteridis 
St6rmer from Onoclea Struthiopteris (L.) Hoft., U. Osmundae Magn. from 
Osmunda Claytoniana L., U. Phegopteridis Arthur from Phegopteris Dryopteris 
(L.) Fée, and U’. mirabilis Magn. from Onoclea sensibilis L. The aecidial 
form on Abies is Peridermium balsameum Peck. Successful infections with 
aecidiospores of this form were made on Onoclea Struthiopteris, O. sensibilis, 
and Aspidium Thelypteris Sw. The telial phase on the last is known as Ure- 
dinopsis Atkinsonii Magn. 

Cultures with three other species not belonging to the fern rusts are reported 
also in confirmation of former work. Teleutospores of Pucciniastrum Myrtilli 
(Schum.) Arthur from Vaccinium canadense Kalm produced a Peridermium 
of the type of P. Peckii Thiim. on Tsuga canadensis (L.) Carr. 'Teleutospores 
of Melampsora Medusae Thiim. from Populus grandidentata Michx. produced 
Caeoma A bietis-canadensis Farl. on Tsuga canadensis (L.) Carr. Teleutospores 
of Melampsora arctica Rostr. from Salix sp. produced aecidia (Caeoma sp.) on 
Abies balsamea (L.) Mill. 

Further work on the Peridermium rusts is reported by MEINECKE, SPAUL- 
DING, and by Hepccock and Lone. 

MEINECKE”” infected Castilleja miniata Dougl. with aecidiospores of 
Peridermium statactiforme Arthur and Kern from Pinus contorta Loud. The 
resulting telial stage is Cronartium coleosporioides (Dietel and Holway) Arthur. 

HepGcock and LoncG" report the following results. Aecidiospores of 
Peridermium inconspicuum Long from Pinus virginiana Mill. produced uredinia 
(Coleosporium inconspicuum (Long) H. and L.) on Coreopsis verticillata L.; 
aecidiospores of P. delicatulum Arthur and Kern from Pinus rigida Mill. 
produced uredinia (Coleosporium delicatulum (Arthur and Kern) H. and L.) on 
Solidago lanceolata L.; and aecidiospores of P. stalactiforme Arthur and Kern 
from Pinus contorta Loud. produced uredinia and telia on Castilleja linearis 
Rydb. The last result is regarded as confirming the work of MEINECKE 
mentioned above. For the synonomy of these forms see the work of ARTHUR 
and KERN mentioned below. 

In 1907 CLINTON showed that Peridermium pyriforme Peck (ex ARTHUR 
and KERN) on Pinus silvestris L. is the aecidial form of Cronartium Com ptoniae 


Rev. Bot. GAz. 56:234. 1913. 

9 FRASER, W. P., Further cultures with heteroecious rusts. Mycologia 5: 233-239. 
1913. 

t MEINECKE, E. P., Notes on Cronartium coleosporioides Arthur and Cronarlium 
filamentosum. Phytopathology 3:167-168. 1913. 

™ Hepccock, G. C., and Lonc, W. H., Notes on cultures of three species of 
Peridermium. Phytopathology 3:251-252. 1913. 
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Arthur on Comptonia asplenifolia Banks. SPAULDING” has now succeeded in 
infecting this host with aecidiospores of Peridermium pyriforme from Pinus 
silvestris (confirming CLINTON’s work), P. ponderosa Dougl., P. Taeda L., 
and P. austriaca Link. On account of its increasing frequency in nurseries, 
this fungus is becoming economically important. 

Jacos’s in a short note reports that teleutospores of Puccinia Poiygoni- 
amphibii Pers. from Polygonum amphibium L. infected Geranium pratense L. 
(confirming the result of KLEBAHN), G. pusillum Burm., and G. pyrenaicum 
Burm. Among the species not infected was Geranium phaeum L., which 
KLEBAHN had successfully infected with this rust. The aecidiospores from 
these cultures were sown on various species of Polygonum, but only P amphi- 
bium was infected. Teleutospores of Puccinia Polygoni Alb. amd Schw. from 
Polygonum Convolvulus L. infected only Geranium columbinum L., with a 
doubtful infection on G. molle L. which was successfully infected by KLEBAHN. 
Aecidiospores from G. molle reinfected only Polygonum Convolvulus. Uredo- 
spores from Uromyces Kabatianus Bubak from G. pyrenaicum infected G. 
pyrenaicum, G. maculatum L., and G. pusillum Burm., but not G. silvaticum 
L. which is the principal host of Uromyces Geranii. These cultures furnish 
further evidence in justification of BUBAK’s separation of U’. Kabatianus from 
U. Geranii, CRUCHET" reports that teleutospores from Polygonum Bistorta L. 
infected Peucedanum Ostruthium Koch, and that the aecidiospores (Alec. 
Imperatoriae Cruchet) derived from the culture reinfected Polygonum Bistorta. 
The rust is described as Puccinia Imperatoriae-mamillata. CRUCHET was 
led to suspect this connection by the fact that Peucedanum Ostruthium bears, 
in addition to Aecidium Imperatoriae, a micropuccinnia whose teleutospores 
resemble those of Puccinia mamillata Schréter on Polygonum. 

FISCHER'S in two short papers reports further experiments with U’rmoyces 
caryophyllinus (Shrank) Winter and Puccinia Pulsatillae Kalchb. which is a 
micropuccinia of the type of P. Anemonis-virginianae Schwein. inhabiting mem- 
bers of the Ranunculaceae. In his former work'® FiscHer found that aecidio- 


2 SPAULDING, P., Notes on Cronartium Comptoniae. Phytopathology 3:62, 308- 
310. 1613. 

8 Jacos, G., Zur Biologie Geranium-bewohnender Uredineen. Mycol. Centralbl. 
3:158-159. 1913. 

4 Crucnet, P., Contribution a l'étude des Urédinées. Etude biologique et 
description de Puccinia Im peratoriae-mamillata, nov.sp. Mycol. Centralbl. 3: 209-214. 
1913. 

5 FIscHER, Ep., Beitriige zur Biologie der Uredineen. 4. Weitere Versuche iiber 
die Specialisation des Uromyces caryophyllinus (Schrank) Winter. Mycol. Centralbl. 
3:145-149. 1913. 

———, idem. 5. Puccinia Pulsatillae Kalchb. (Syn. P. de Baryana Thiim.) 
und Theoretisches iiber die Specialisation. /bid. 214-220. 1913. 


16 Rev. Bot. GAZ. 56: 237. 1913. 
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spores of Uromyces caryophyllinus from Euphorbia Gerardiana Jacq. collected 
near Heidelberg infected Tunica prolifera (L.) Scop. and rarely Saponaria 
ocymoides L., while aecidiospores from the same host collected in the Wallis, 
Switzerland, infected Saponaria ocymoides. The relations of the last form to 
Tunica prolifera were not determined. Further cultures have now shown that 
the form from the Wallis infects both Saponaria ocymoides and Tunica prolifera 
and to some extent also 7. Saxifraga (L.) Scop. Uredospotes from Saponaria 
ocymoides or from Tunica prolifera infect either of those hosts indifferently. 

The cultures with Puccinia Pulsatillae Kalchb. from Anemone montana 
Hoppe showed that this form infects, besides A. montana, A. vernalis L., 1. 
pratensis L., and A. Pulsatilla L., but not A. alpine L., A. sylvestris L., and 
Atragene alpina L. Comparing the specialization of these forms with that of 
Uromyces caryophyllinus, FISCHER distinguishes two types. The first is cor- 
related with the geographical distribution of the hosts and is illustrated by 
Uromyces caryophyllinus. In the Wallis, where both Saponaria and Tunica are 
common, this rust occurs on both of these plants, whereas in Baden, where 
Suponaria ocymoides does not occur, the fungus has become adapted to Tunica 
prolifera to such an extent that it scarcely infects Saponaria. Specialized races 
of this type show no distinctive morphological characteristics by which they 
might be separated from each other. The second type of specialization is 
correlated with the degree of affinity of the host plants. The forms of rusts 
showing this type of specialization each inhabit groups of closely related species 
of host plants and do not cross readily from one group to another. The races 
showing this type of specialization usually have slight morphological differ- 
ences, besides their biological behavior, by which they can be distinguished. 

Iro’ reports the successful infection of Pourthiaea villosa Decne. with 
teleutospores of Gymnosporangium Photiniae (P. Henn.) Kern (G. japonicum 
Syd.) from stems of Juniperus chinensis L. Pyrus sinensis Lindl, P. Malus L., 
and Amelanchier asiatica Koch were not infected. These cultures show that 
the stem-inhabiting form of Gymnosporangium on Juniperus chinensis is 
connected with Roestelia Photiniae P. Henn. and is distinct from the leaf- 
inhabiting form which the author identifies with Gymnosporangium Haraecanum 
Syd.e(G. asiaticum Miyabe) which, according to the experiments of SHIRAI 
and those of HARA cited by the author, belongs to Roestelia koreaensis P. Henn. 
on leaves of Pyrus sinensis. SHIRAI does not state whether he used the leaf- 
inhabiting form or the stem-form in his experiments. 

The following papers were published in 1914. 

Fromme* successfully infected Myrica cerifera L. with teleutospores of 
Gymnosporangium Ellisii (Berk.) Farlow from Chamaccy paris thyoides L. This 


7Iro, S., Kleine Notizen iiber parasitische Pilze Japans. Bot. Mag. Tokyo 
2'72217-223. 1913. 

8 FroMME, F. D., new gymnosporangial connection. Mycologia 6: 226-230. 
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result is of special interest since the aecidial host (MW yrica) belongs to a family 
far removed from the Pomaceae. The aecidia are of the cupulate type. 

TRANZSCHEL” reports the results of cultures carried out from 1911 to 1913. 
During that time the connections of 4 species of Puccinia with their aecidia 
were established for the first time, and confirmatory cultures were made with 
12 other species whose aecidia were known. In each case sowings were made 
on a number of plants besides those infected. Only the new connections are 
given here. Puccinia simplex (K6rn) Eriks. and Henn. from Hordeum vulgare 
L. produced aecidia (Asc. ornithogalum Bubak) on Ornithogalum umbellatum L. 
and O. narbonense L.  Aecidiospores from this culture produced uredospores 
and teleutospores on Hordeum vulgare. Puccinia Hemerocallidis Thiim. from 
Hemerocallis minor Mill. produced aecidia (ec. Patrinae P. Henn.) on Patrinia 
rupestris Juss. and P. scabiosifolia Link. Puccinia nitidula Tranzsch. from 
Polygonum alpinum All. produced aecidia on Heracleum sibiricum L. Puccinia 
Stipae-sibiricae Tranasch. from Stipa sibirica L. produced aecidia (lec. Sedi- 
Aisoontis Tranzsch.) on Sedum Aisoon L. 

KLEBAHN” reports new hosts for Cronartium asclepiadeum (Willd.) Fr. 
and various species of Coleosporium. Aecidiospores of Cronartium asclepiadeum 
(Peridermium Cornui Rostr. and Kleb.) were successfully sown on Vincefoxicum 
officinale Moench (the usual host), V. fascatum Reichenb., V./axum Koch, Tro- 
paeolum minus L., T. majus L., T. canariensis Hort. (T. peregrinum L.), T. Lob- 
bianum  Hort., Impatiens Balsamina L., and Pedicularis palustris L. 
Uredospores obtained from the cultures on Vincetoxicum officinale infected Im- 
patiens Balsamina and Pedicularis palustris. Aecidiospores of Peridermium 
Pini (Willd.) Kleb. failed to infect Tropaeolum minus, Pedicularis palustris, 
Vincetoxicum officinale and Schizanthus Grahami Gill. The results of cultures 
on Pedicularis show that the Cronartium on that plant belongs to Peridermium 
Cornui Rostr. and Kleb. and not, as Siro had erroneously supposed, to P. Pini 
Chev. P. Pini remains an isolated aecidium. The ooservation that the 
Chilean species, Schizanthus Grahami Gill. growing in Brandenburg was in- 
fected with a Coleospor:um led the author to make sowings of a number of 
European species of Coleosporium, with the surprising result that not one but 
several of the European forms infected Schizanthus. At the same time, cul- 
tures were made upon another exotic plant, Tropaecolum minus L., upon which 
Coleosporium had been observed. Schizanthus Grahami was infected by 
uredospores of the following forms: Coleosporium Euphrasiae (Schum.) Wint. 
from Alectrolophus major Reichenb. and A. minor Wimm. and Grab.; C. 
Melampyri (Rahenh.) Kleb. from Melampyrum pratense L.; C. Campanulae f. 
rapunculoides Kleb. from Campanula rapunculoides L.; C. Campanulae f. 


19 TRANZSCHEL, W., Culturversuche mit Uredineen in den Jahren 1911-1913. 
Mycol. Centralbl. 4:70-71. 1914. 


20 KLEBAHN, H., Kulturversuche mit Rostpilzen. Zeitschr. Pflanzenkrank 24: 1-32. 
19014. 
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rotundifoliae Kleb. from Campanula rotundifolia L.; C. Campanulae {. 
Trachelii Kleb. from Campanula patula L. and C. Trachelium L.; C. Tus- 
silaginis (Pers.) Kleb. from Tussilago Farfara L.; C. Senecionis (Pers.) Fr. 
from Senecio sylvaticus L. and S. vulgaris L.; and C. Sonchi (Pers.) Lév. from 
Sonchus arvensis. Tropaeolum was infected with all these forms except C. 
Euphrasiae, C. Melampyri, and C. Sonchi. 

FRASER” gives a short account of cultures confirming work that has been 
previously reported. The cultures with Uredinopsis mirabilis Magn. deserve 
mention since they show that this form, which in common with a number of 
other species of Uredmopsis has its aecidia on Abies balsamea (L.) Mill., pro- 
duces its uredospores and teleutospores only on Onoclea sensibilis L. and does 
not infect Osmunda Claytoniana L., O. regalis L., Aspidium, Thelyteris (L.) Sw., 
Asplenium Felix-foemina (L.) Bernh., and Phegopteris Dryopteris (L.) Fée. 
These experiments show that Uredinopsis mirabilis is a distinct species. 

In their revision of the North American species of Peridermium on pine, 
ARTHUR and KERN” mention cultures establishing the connection between 
Peridermium cerebrum Peck. (P. fusiforme Arthur and Kern) from Pinus Taeda 
and Cronartium Quercus Arthur on Quercus rubra L. and Q. Phellos L. This 
species of Peridermium occurs also on many other species of pine. 

As a result of cultural experiments with Gymnosporangium Blasdaleanum 
(Dietel and Holway) Kern. (G. Libocedri (P. Henn) Kern.) and Libocedrus decur- 
rens Torr., JACKSON is able to add Cydonia vulgaris L., Pyrus communis L., P. 
rivularis Dougl., Amelanchier alnifolia Nutt., and Crataegus Lindl. to the list 
of hosts upon which the aecidial generation of this fungus has been grown. 
The aecidium, which has distinctive characteristics, has been found occurring 
also in nature upon a number of other plants. 

In continuation of his work on the rusts of Southeastern Russia, TRE- 
BOUX* reports the following connections. Aecidiospores from Ranunculus 
flammula L. produced uredospores and teleutospores (Uromyces Festucae Syd.) 
on Festuca rubra L. With teleutospores of Puccinia Magnusiana Korn. from 
Phragmites communis Trin., which is known to have its aecidia on Ranunculus 
repens L., R. chaerophyllos L., R. creticus L., R. illyricus L., R. Kotschyi Boiss. 
and R. sardous Crantz were also infected. The successful infection of Berberis 
vulgaris L. with teleutospores of a Puccinia on Sesleria caerulea Ard. shows 
that this rust, which had been described by FIscHer as P. Sesleriae-caeruleae, is 
21 FRASER, W. P., Notes on Uredinopsis mirabilis and other rusts. Mycologia 
6:25-28. 

22 ARTHUR, J. C., and Kern, F. D., North American species of Periderminm on 
pine. Mycologia 6:109-138. 1914. 

23 Jackson, H. S., A new pomaceous rust of economic importance, Gymnos poran- 
gium Blasdaleanum. Phytopathology 4:201-270. pls. 2. 1914. 

24 TREBOUX, O., Infectionsversuchen mit parasitischen Pilzen IV. Ann. Mycol. 
12:480-483. 1914. 
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P. graminis. Sowings of teleutospores of Puccinia Phragmitis (Schum.) 
Korn. showed that Rumex aquaticus L., R. confertus Willd., R. maritimus L., 
R. patientia L., R. arifolius All., R. bucephalophorus L., R. fennicus Mutrb., 
R. thyrsiflorus Fingerh., Rheum palmatum L., R. undulatum L., R. compactum L., 
and R. tartaricum L. are additional aecidial hosts for this rust. Further experi- 
ments with the crown rusts lead the author to doubt the validity of the species 
Puccinia coronifera which KLEBAHN separated from P. coronata (Corda) Kleb. 
This doubt is founded on the one hand on the infection of a number of typical 
P. coronata hosts with aecidiospores from Rhamnus cathartica L., and on the 
other hand on the infection of Avena sativa L., a P. coronifera host, by aecidio- 
spores from R. Frangula L., the aecidial host for P. coronata.—H. HASSELBRING. 


Origin of herbaceous angiosperms.—The question of the relative antiquity 
of herbaceous and woody angiosperms has been considered at some length by 
Sinnott and BatLey.’s It has frequently been assumed, although definite 
statements of the view are rare, that herbaceous plants preceded the woody, and 
such a view was likely to be held as long as the monocotyledons were believed 
to be the older angiosperms. The authors deal with evidence from four 
sources: paleobotany, anatomy, phylogeny, and phytogeography, and reach 
a conclusion entirely at variance with the prevailing theory. Under the 
first head it is pointed out that the ancient club mosses and _horsetails 
were arborescent, but it is admitted that the evidence is not conclusive. 
The anatomical evidence hinges on the question whether the primary wood was 
originally a continuous layer or a series of bundles. Examination of various 
groups of plants leads to the inference that the cambium was originally a com- 
plete ring, and that its segregation into “fascicular” and “‘interfascicular”’ 
cambium is a relatively recent occurrence. In explaining how this may have 
come about, JEFFREY attaches importance to the leaf traces, but from this 
view our authors dissent; they attribute the production of discrete bundles to 
a simple decrease in activity of the cambium. In connection with phylogeny, 
a survey of the families of angiosperms shows that the primitive types are 
much more woody than the recent ones. In more than half of the families of 
dicotyledons there are no herbaceous species, and exclusively herbaceous 
families consist of insectivores, parasites, or other recent forms. Under the 
heading of phytogeography a large array of facts is gathered, leading to the 
conclusion that angiosperms made their appearance in the tropics as woody 
plants, and spread into the north temperate zone, where gradual stunting 
occurred, largely as a consequence of lowered temperature, resulting finally in 
the production of annuals. Such herbaceous plants have subsequently 
spread to all parts of the earth’s surface. Insular and other endemic flora 


*s SINNOTT, E. W., and BaiLey, I. W., Investigations on the phylogeny of the 
angiosperms 4. The origin and dispersal of herbaceous angiosperms. Ann. Botany 
28:547-000. pls. 39, 1914. 
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are examined, and the influence of glacial periods is considered—M. A. 
CHRYSLER. 


Some abnormal pines.—BoopLe” has described an abnormality obtained 
from a specimen of Pinus Luricio growing in the Kew Gardens. Most of the 
foliage of the tree is normal, but pairs of concrescent leaves are produced every 
year in considerable number. The fusion of the two leaves seems to be very 
much as has been described for the double needles of Sciadopitys. 

WorsbELL” has described a remarkable shoot of Pinus Thunbergii grown 
in England. Some of the scale leaves bear ordinary axillary spur shoots with 
two needles, but a majority of them subtend a very different axillary structure, 
the most frequent form being ‘a swollen fleshly foliar organ arching outwards 
over or against the subtending scale leaf.’’. Another form which the axillary 
shoot assumes is that of a pair of transversely placed fleshy leaves. The 
phenomenon of the recurved leaf and its origin by the uniting of the first two 
leaves of an axillary shoot by their adaxial margins is additional proof of the 
accepted character of the ovuliferous scale of the Abietineae.—J. M. C. 


Death camas.—This name is applied to species of Zygadenus to distinguish 
them from Quamasia and Calochortus, which were also known as camas, and 
were much used for food by the Indians. Reports of the poisoning of stock 
from eating the roots and leaves of the species of Zygadenus led to its investi- 
gation by MArsH and CLawson.” It seems that Zygadenus grows abundantly 
on many of the stock ranges of the west, and is one of the most important 
sources of loss to sheepmen. All the species are poisonous, through the whole 
season of their growth. The toxicity of the bulbs and tops is about the same, 
while the seeds are much more toxic than any other part of the plant. The 
poisonous principle is an alkaloid or alkaloids allied to veratrin and cevadin. 
Sheep, cattle, and horses are poisoned by the plant, but the fatalities are almost 
entirely confined to sheep.—J. M. C. 


Thelephoraceae.—Burt” has begun the publication of a monograph of the 
North American Thelephoraceae. The first three papers contain a general 
discussion of the limitations of the family, a key to the genera, 23 of which are 
recognized, and a presentation of three genera. The genera presented are 
Thelephora, with 23 species, 3 of which are new; Craterellus, with 18 species, 
6 of which are new; and Cyphella, with 21 species, 5 of which are new.—J. M. C. 


6 BoooLe, L. A., Concrescent and solitary foliage leaves in Pinus. New Phytol. 
14:19-22. figs. 4. IQI5. 

27 WorSDELL, W. C., An abnormal shoot of Pinus Thunbergii Parl. New Phytol. 
14:23-26. figs. 5. 1915. 

2 Marsu, C. D., Clawson, A. B., and Marsu, H., Zygadenus, or death camas. 
Bull. U.S. Dept. Agric. no. 125. pp. 46. 1915. 
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